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PREFACE 


ein the common expesience of maay wha have anempred. 
to teach general paycholegy to udergradoates, that fre 
quency students are facuced wo compare the expenmenca 
foundations of peychology wah thote of phynes and cher>- 
Sery—unsally 1 the detraneat of paychalogy- The opiaion 
in prey well entabiahad, 1 whink—certaly arsong the more 
Capable tudeststhat tradionaliy, a lar, the fist courte 
fm prychology fas coctained too exch diniecig, to many 
fine verbal Geunctons, and too raxny technical defctions; 
nd chat i bax made woo hele appeal wo concrete, objective, 
fxperintentat endesce, In part thie objection hes Been ret 
by the more recent tex-books, but the tertbook, by Int 
‘very ature, eure confie iat largely to the exporiton 
fof genera! pecipls. Thus leaves to the Dastevcior dhe tank 
of elaborating and eraphessong the move specie expetir 
peg taponglichckertc nc koahoyreslgt ontoet 
sand rupplementary references from winch be it 
supposed 0 Sil che dette. The perconage of wader 
‘raduates who “po co the Inerarare." however, It lament. 
ably malt, white we perteatege of thove who are cxpable 
of evaluating what they read is oll emaler. Thi, plos the 
fact dat the ume of the Tentracor is wasaly Emced, oft 
resvicw conndersbly the ume which way be devoted 1 
preentiag the eapericental evidences of peychalogy. 
“The prescet book ber beeo writes with tre speci idea 
of mexoag the situation ovtlined above. Jus avowed object it 
(to priweat concretly the experimental foundations of pey- 














¥ Preface 
chology and wo outline = some dew thou great or classical 
feperimenta upon hich madem peychology takes i stand, 
and rakes it claim to be called ax empenmmental scence, 
Every effort has been enade to enven and clarity the mi 
terial ap that st wil have 4 real appeal to undergradaates, 
without at the sanie nee compromugg it cactoen The 
‘book in intended to be vied pnmanly av a supplementary 
cor vecmd book ia connection with ove of the standard text, 
but it could be wted also wea fire course iu experimental 
peyehology. Not the least of 1 virses, I hope, ia that wll 
fot deter the bepiameg studest becatse of its length, nor 
ucourage Bim becaute of Ite at 

‘A word of explanacos 1 up order regarding the vse of 
the adjecuve "reat" m the tide What T have tned to do it 
to adect thove expsomente wheb ow. to thet minnie 
value ar hutorcal aigncance or both ane generally te- 
Aknowleded by competeat peycbolagats to deverve such & 
descnption. I am laborg veder £0 delusion thet T have 
ached all of the grest expermeats > poycbology 1 this 
lide book. Probably few paychologate if anced to enumerate 
thone experiments which they conser fundamental or great 
mould snake exactly the tame chacer. Macy expeciments, 
owever, would certmaly be found fa nearly all hat, and 
it is auch expertente at thee, opon which there it fatly 
‘general agreement, that T have tred to select for presente 
‘aoa. I shall be entirely ated sf my caleagues apres that 
the expeaments bere described ate “reat” even though, 
they may consider that Thave bese guilty of omicing samy 
equally imporane contribabom. In the evect, at least, my 
sion wil be thore of omanoa rather than of commitroa. 

Tr ln a pleasant duty 1 acksowladge one's pratiade for 
sid generously green by colleagues aed fread. I am much 
indebted to Profecon RS. Woodworth, HL. Holliag- 
‘worth, Huliey Casos, sed 10 Dr. Heinsch Kliver for aup- 


























plying tnt of great expérments. Profesor RS. Wood- 
‘von, A. T. Pofaaberger, C. J. Warden, Dr. R. A. Med 
Tad, Mi, 

Goumbie, 
(ol New Yack apd Professor Milos A Tonker af the Desvernty 
fof Minnesota read cue or wore chapters and ofered many 
Delptal erticwme and euggraions. To al of these Tam 








a, napgecons, iden, 
pleanure wo reLnomledge thu cblgntvn even bough there it 
ine poutuiny of roy faly Gechgig 

Hirer ©. Gasnare 
Coluntbs Veverrty bs 
Moreh rose 


EDITOR'S INTRODUCTION 


In there sm the college curriculum any subject io winch 

more easy to raterer the studect, and more dificult 0 
uct hiss, thas faychology? AY preneat the student ia 
‘wvally taughe Sot what a Rnowe 8 paychalogeal science 
(actaa coment, a8 8 the eypical bepaning cours), vocond 
hhow it hav been found out (experimental methods and Inb- 
tory), and thard bow to ducover something himself (re- 
earch). "The sudeave contac with tere dure Sands of 
Opportunity ate etep-ne, one after the other. 

"Tie procedace ib unjuntSed tradionshem. The banoee 
suvlent aboold be tented as 2 graduate sadent, lesa com- 
petent perhape, but recopased x employing the vase meatal 
‘perations of ceniciam aod research, The wepbomore or rea, 
Freibman wtedent should be shown the hing methods of 
paycholegy, if pouibie in pracvee. With or without laborte 























fof the deat when he i up apsioet 2 
hyn asignment They do undoubtedly tend to keep bim 
from taking 4 ten page peycholeny axngnment verioutly. 








x Editor's Introduction 
ine selusion. Dr. Garret’s book, weed parallel with a text 


of wandard coment, wil punctuate wich quesson saris the 
Morea of knowledge so suthornatwey deplayed and wil 





‘beginner 
paychslogy appears 0 the wadeat as a hive growing enter 
Jpeve wich a pervoa!bintory and with w fucare vo which cin 
‘ot at all omposnble te evatribute, 
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Chapter ¢ 
BINETS SCALE FOR MEASURING GENERAL 
INTELLIGENCE 


@ 


TS 3, Freeh Mazar of Poblie Imran spr 
poinced « common of phynciasy educator, and wet 
‘urs whick was srugned the task of forwvlatng wethods and 
smakng reommentavont for the aeirvcoos of fel 
sunded cildcen in tha pablic school. Ose member of 
communion wae the emiacac peyctelogie, Alfred Hinet, at 
‘hat time Director of the Laboratory of Physical Pey- 
chology a the Sothoase. Buse: wan bars  Niee, Franet, 
fn (057, abd war educatad to be» phynean. Hor iocerera, 
however, easly doerted tam caao abnormal acd child pry” 
oa the latter Geld that he in best Loos 
Tn 1092 Bine founded the yeurnat Lemade Prychalogiqut, 
Wt whlch a auimber of his owe atodian and thote of Mitt 
eats are publubed. Asa diret outgrowth of bow work as a 
‘member of the comennon mentumed sbove, Bizet in '905, 
‘Uith the ealtsborroa of Thomas Sime, peblabed hu Arse 
toogh scale for messerng receral inefgence. Thi act of 














‘be thoughe chat Biers scale is merely of Biscorinal were 
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After twmty years of revscn,citicam, 2acumion, and ex- 
enetentain, ik today vel he protorype of the bee mad 
ern scales for meassrng gracral icteligeace, while Bers 
concrptian of ineigrace in iz remarkably clone agreement 
‘wah the views of presest-day prychalogwis. Lete then tea 
Yara alter the publeabon of ss Saal reviaos, the Bure 
Simoa Scale was beg, ecosively wed in Armerce, Canad 
England, Acura, New Zealand, Soath Aes, Germany, 
Swizztand, Taly, Rena, vod Cling, and bad been trans. 
lated into Japanese and Turku. Such wdeipread eed ia 
mediate popularity sndicates early the great ‘ned that was 
fele for jut wach a8 inatecaal toensuing demce an was 
apple by Binet’ txt, 
@ 

low can we explain the remarkable repoors to Biset 
swonple vet of texts? Pecbapy the best way of aeawerog 
‘quertin jn to sounder just bow Brace made bw wae, how x. 
fered from previous tera, and what st was dengned to 
dda Fie, lec us lok at Bise’s conception of itelgence, 
pon which the method aod sae were buit. Before Buse, 
mental txts bad been devsed ebsefy wrd the noton of 
smemurmg rather narrow aspects or phaser of rental ably, 
such a4 rote memory, aceshoospan, speed and acmoracy 
of perception and discrieunatos in checking number ot 














is here hat difeences in imceltecrual able 
most ikaly to be manfested. Arent und adaptability, 
slong wth good jodgment, were for Binc: the most iroportant 
‘cntnibotars to genera! incligeace itetert, be aye, is com- 








Binet’s Scale 5 
pounded of “judgment, comnon sess, iitisive, sod the 
abihay to adape cocadli® Again be stretaca “might” into 
ance ann capabiiees (powonoutly sbvent in the {eeblo- 
tminded), the ably readily to adopt one's behavior to 
eho cad or peal and pechatoce m socking to task once 
vaderaten. Binet dwuccly marked of iniligence fom 
sera information which may be aquired in school or i 4 
cultura) eaviroumest, although be insisted tbat the seteli- 
fot penton, wales deprived by ustoward cvewoetances of 
Doormal camronmeat, wil always ecquire more raforma- 
tion thax the wentdligert exe, 

Binet did noe acerpt to aualyze intellect onto sts par 
aad then to deve umple tera to mesure the dementh 
Ge the contrary, be coundered it wore prominng to ete 
ace intligence by meaturng the combmed fics of 
eatin, imtgmoston, jodgnect, and reavning, on ehows 
performance of sty woepex take, Fis frat scale coo- 
ted of chity carefully ueeced questions, or problem. 

angel a a ough ones of diode, de 
tuned by trying thea out expentoeatally of bout 200 n0¢- 
tal children. The teace were 20 grouped according 10 pet, 
Brort ply ndsated bow say vets « normal child of wy 
five or acvea years should be expecred to perform, Te but 
second scale, ae of 198, che tere were fr the frat time 
arranged into age-group, courbtetng the Aint age-scale 
‘Ta teale contained froei four to eght tents for cach age. 
from thre to thirees, cach txt alloted to an age-group 10 
the folowieg cunact. Whoever « tet was pased by from 
two tira to thre fesrth of given age-group, Bice cond 
fered 1c to be a far cet for edeen of that age. If all oF 
practically all of bis Gve-yearokte failed ia 2 given text, be 
egaried it ax cbviousiy too bard for childra of that age; 
while if se were pared accceneally by practically all of ba 
fenyearelds, was clessiy too easy for that ageer03p. 

















6 Great Experiments in Paychalogy 
"Thus method of iscovecing at wha age a gaven ter should 
be put war somewbat rough and ready, 10 be wre, Bot it 
‘powvented the virus of beng bused upoe experimental 
dua, 

"The 1908 sale is of woe than ordinary snare because 
here (ot the fer ume Bioet employed the concept of “mental 
age” A chile esata age (MCA) depends upon the number 
of tesa in the wcale which be can pass seccentuly. It he 
perforin al of the cate anngoed ro the eukcyeat-old group, 
for matance, be bas a mental age of years, bo matter Wat 

shranological age (C A) may be If be kappe 

ve years ald chronalopeally, he 2, of courts, 
three yeara; if eght years ol, just soreal, sed i ten yaare 
fd, retarded two years. Detriptin of performance mn trae 
‘of mental age hat proved to be extremely waeful ia meatal 
‘messurement For one tg, it more canly undentood 
than other Kinds of wore by the zouprychologialiy tained 
peron; and forcermore, ¢ permite x quack and metningel 
omparion a a chi's years of meatal growth with ba years 
of phyweal growth 

‘The ag0t scale representa dhree year of work with the 
1906 scale and ve the Saal form in wach bie tots were let 
bby Binet There aze fifty-four wets is the 1pta wae, ar 
‘aoged in wpe groupe as follow 


Bine’s «gus Seale 

















Mee I. 
i sng, ye al meth 
2 Repent two 
5 Eines obra fe a pce 
Give tomy mame 
$ Repos veotene of dx eyed, 

att 
5: Gir ts ne. 

3 Nims key, Bate, ad poy. 


Binet’s Scale 7 


4 Repeats 4 dpe 
4 Ginpare reo ine 
Praa 
* Coops owe. 
§ Repent tentence of te elles 
Counts four penmer 
idee ee cited sun 
41 laonpusbes beeen morning and alterncon, 
© Delon famuher gorda te ef ae 
5 Rope adm 
4 Cole ten penal 
4. Stronruabes pelare of aay and pete tte. 
eT 
Shows ne had aod eee. 
3 Bactbel a pare 
3, Discs hr commands green simehancony 
ECGgp ue Sate eo Slay ee ef ob are 


a 
Nem lar cra ors, 
460 
 Cetpae two chen rom esr. 
5: Notes emfaiont fem pictures, 
Gre dy'ant ace 
3 Repete Be dg, 
seh 
ive change frm cama exes 
+ Be SLAs ct expr ow 
ines pecs of a 
1 Nemes the momihe of he year in onde. 
Ase eats wpe Goin” 
. 
“ ‘ewes vg Waki ode of eight. 
2 Gopi deogs faa 
5 Sion shes formas 


fewer Cue on pain 
EUiet Wee ges wanda st re th 

















‘two seo 
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de MU. 
1 Resins eg, Panne 
{ Natoay eeu mete ™® 
{ Deom ‘tain abvcract words 
the teats of « arranged sentence, 
er 


t Repeats neves digs 
2 Frade three nmet fora grven word. 
5 Repeue wacotece of twenty. table, 
4 Interprets pecores 
§ ncerprea given facta, 
on 
1 Selves the papereattig tex 
2 Rearanges a treegie m smagmaton 
3. Gives diferences between pare of abssract terme 
4 Gives theee differences Between # president and & 


‘ne 
5 Grete maie thought of» slaci wch be Rs 
. ‘heard read. 








(OF the tata which had appeared in the edisco of 1908, 
several wore omitted from Binets Sal revinon of 19iy at 
‘t renult of vanoue entcame. Foe cextance, Binet left out 
carats testa which bad been found to depeed chely upen, 
‘pectic Informatie obtained am school, at well at uch 
routine urta of common knowledge as knomng one's age 
and the days of the week. Several teste which were found 
tw have been maplaced (being either too timple or too dii- 
cult) were ether elmunsced of eve abifeed up oc down in 
the veale, and several new tests were isteodced. Jo 70 
tg thi lant rennoo, #9 2 prepanag his two earber wal 
‘Bauer attempted to incfude only tests which were not dh 
cult om admunicer, were eelanvely shore, covered a0 exter 
seve rnage of mestal processes, and did not depend deity 
‘upon specific information obezined in achool. Sock, 20 ku 
opision, were the requirementa of 2 good wtteligente text 












Binet’s Scale ° 


@ 
Among the citisoma such from ume 1 time have been 
leveled aguit the Busts vals, probably the mont comawn, 
13 that a chld’s performance depends more upon hit ttast- 
social waroundiegs dire upon bis apcve bility 
1 said, the chi’ from an educated and 
cultured bome has a dimsact advantage over ot at 40 
‘ute generally true, provded the eultual 
13 bas never bees dupsted by paycbologs 
ty is of lnc value per se welew xx ctv 
ment nuxable for developmect is supplied. For example, 
‘Amencan white chid, browgkt up from borth among Eski- 
‘mot would wadoubtedly tent as feeblesninded on the Bis 
‘ale, no matter bow great bt potenval abiity. Or to ta 
lem telong Wustratoe, ic u dearly wale to compare chile 
dren from the thems of New York City with oben from 
cultured and welltodo homes. Many recent experimeatal 
arudien have brought out clearly dus fact of the differental 
fleet of environment. S. $. Colvin (3922), for example, 
found that children fom 4 wealthy spbucb of Boston ranked, 
on the average, neatly two yeare in mextal age above childres 
from the poor sections of anether leege city Cynt Burt 
{1g21) a2 Baglah peycbolopet, found decded differences in 
Binet teat performance in fever of chuldren of suptnor to 
al status ja Loodon. The same invesugater found alto thet 
dren from supence schools were on the average one 
fo two years in mental age abead of those fram infenor 
fchools These rerlte empbatze concretely the rporance 
of copsidenng a chid’s eovicanment is roterpreung bis men- 
sal test ratng 
Binet was folly aware that bis tome did nee measure ins 
rate abilay completly drvoresd from the infuence of a- 
"Ta the peat toe, rad the danmwee = Chap 1,99 HA 
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vronment, He coasineetly held that 2 comparuce of the 
mental ages of two childcen wat valid exly when both had 
bad epprenmately the same schooling and the seme common 
backgroud of expmence Bat whea there conditoot are 
aud, he conmdered txt satngs fair measures of com 
parative ablbty on the reasonable assumpuoa that aarmal 
Chddren wil be exgoved to reuch che same facts, und hence 
fell acquire much the same ieformaton, Bin F 

be remembered, were costructed with the express 
urpore of redseing to # minsmum the influences of specu 
‘aaiaeg, Unlest therefore, the cultural gap is wide or the 
eprivation from sorcal coutact wats the envroumeat 2 
serous, meatal ages are eaually dose exumaten of “real” 
bitty "To be eure, rapontes ie the teat make exe of vezbal 
fexprninocs which are clearly learned. But che abiitieg rt- 
qured to ace relation, interpret meanings (io » picture, for 
intance), pve stanbie defartioay, detect abrurdites oF ia- 
congruties, and comprehend vocal and other atuatione de 
rand thought, rearomng, and jedgraeat—aud thete are the 
tmportant indices of abiity. Je thor, although the Binet- 
Simon Seale draws hexmly upon laagunge, wt exact x igh 
degree of sagacny, cleverness, aod mental alermneas rather 
than the sbibty sreply to reproduce parrot-ike facts learned 
by rote, 

Another crivcism someumes broaght aguinet the Binet 
tests 6 that they fal to detect character defects, such ab bad 
‘ecper, lnnzent, and abnormal vex habits, which are 96 2m- 
portant a1 stelle in daly living, Also, it  someumer 
charged that they fa to decover exeepeotal gute ut 
any of mechanics. The reply to thie is that Binet ast out (© 
Toate the generat waliecual level at which the child bubita- 
sty fanenoas, aot to analyze character trast or to discover 
exceptional apeaudea Sully am apite of thu recguized Inmi- 
‘whoa of the scale, 2 knowtedge of the mectal age in a de- 


























Binet’s Scale a 


ddedly valuable suet even though ove n incecested pramaniy 
in problems of deluqucscy sad emctonsl maladjustment 
‘Time and egne juvenle cours and children's chwicy have 
demoaritel the wumate coosecooa between crame snd 
samoralty ox the ove baed, wad low-grede wetallec an the 
‘ther. The meted to be faliowed ra treaung cheracier de 
fect vod deinqaencies wil depeed to 4 lange degree upon 
‘the ratlecual level of the perion to be treated Alo, KOOW- 
ing the menal age rating mophies toa commderabie degree 
the acarch for cause, even though the problem be largely 
ota! ove. 

‘What may im pracuce be « deeded instaton in the value 
of the Brat sore should be wewboned at thi port Thurs 
that, ia ateang aa average or sean of am individual's car 
pss, one i apt to Forget that abilben ae rately if ever 
‘evcaly developed, aod that ve coxsequeace a gros total core 
als to te ue an what rexpects cur subject in etpecelly 
ood oF espeaally poor. The tame vtuxion is met with in 
very tent which gives 4 saple score totcoded to be ken at 
vodeatve of geatraliaeliecut! level Pracucally, tis often 
fer mote valotble to know that acid w advanced ot above 
age im abiity to handle wecabery, any, or in koowindge of 
words and word relauoos, oi fetenavity, thea (0 1oW 
that hu 1.0 le $0 or 100 ot 290; for vocational or eduea- 
ional guidance may then dire the child ta tho conraca 
(of etudy oF that kind of wotk for whic 
batly 8¢ han A rained paychologie always 
result lor evidence of special development 
Sevences, Sometimer, to, be supplements the sectsl age 
tating with upecil teste of feaveiag of memory oF reasoning, 
cor even certs of manual dente, uch a8 apend and enord 
sation of maverseat. These spore txt score may be pot 1a 
the form of a *paychogeapt"—-e chart wherema the testes 
‘vatious records are repreeented By a ares of porta plotted 
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above of below the mess fice or “sora” for his xge-roup. 
‘Relaive auperiornica a» well as iafenorits ase dearly pre 
eae by thes graphoca) method. 

‘Aa Dseraion of a paycbopeaph repretenting the stand 
ing of a ten-yrarolé boy, A. F, in neveral selected mentures 
cof ably wll be found ia Figure 


ay oy 





‘The date from whch 
sesyeed are gees a Table I opponte. 

‘The norma far theae physical aod toeor tems were kes 
trom Pyles The Reanimation of School Children (291%), 
‘aud the ether records from the Iamrucion booklets actom” 
parying the Stanford Aciwversent Tent, Advanced Exari- 
‘nabea, and the Steugaet Mechacical Apttaden Tests, Te 
TL few at once apparent fcom the chert that ALF. it py 
sally above par for hie ape. He i avo advanced ix widhme- 
tie and in mechanical abuny, bot lage bebind somewhat in 
nnguage-uage, Bietorylneratore, and reading. Offand it 
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might ster that ths boy would do est, vostionaly, in work 
requnng good phyigue, mancal demerty, and mathemsct] 
4nd wechancal Knowlaige A further checkup on hn oer- 
cts, aminions, Soancal envatio, aod perecaahiy would, 
of cour, be neceasary belore veatunog 1 more define opm: 
ton, Several interesting exarcplea of prychographe of special 
apotudes wil be fovad ia C. L. Halls Apiunde Terie 
{tga8), pages 173-17. 

‘A rigor howatoa of rach langoage tuts a6 the Binet bes 
fn the fat chat they cannot be used with forewo-born chil- 
dren not wth adsl who do ee speak Engh, with the 
fy wth the who ute, samme, of 
‘targuage hacchap. This general wade- 
i al eats employing vec exprenion an 
tae beea remedied to a large exteat by the construction of 
pecformance css Such toes require that the teste St blocks 
inca board {form-board texts), recoererect parle picture, 
learn mane and, in general, perform mental acovives winch 
demand ingcauty and wight wih « micinem of lax 
sage! 

‘To eumoasize boedy what kas bees sud in ths secon, 
the Binet Soaoa Scale and sts demeatuves are vad mesuures 
of geveral sateligeoce when—aad only when—given und 
denned in a aandard eamacr, when the schjeca some fom 
4 noraal exrwoerent, aod when they labor ueder 20 
sarked language bandicapa. For ose bent rene odds) 
intligence tes shoal be opplemeated by carchl oberva- 
tion, a order to detect pecebutities and abnornaliee which 
rg affect he etee's secord. Whenever posible and 
Aieabe,t06, che personal tory, mada! record, and ate 
of udostry of the subjec abould be savergated as well at 
Ike qocul and moral Babs. In the cave of ctkdtes, ply 
fag Tete Reset Pen, Dy A Seo Poe Tete 
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shabu and the traits exhibeed ie acho! abeuld be careully 
noted The Binet teste aod thes Inter cevisvnt have been 
ly valuable i schools in detecueg the low-grade a¢ 
Aelectiog Ohldcen uf sgpetvoe abs. In many pro- 
treanre achools to-day specal work provided forthe dull 
troup Sted to theie mized able; while for the tecond 
‘roup there are prondad eanched couracs of wady and ac- 
cclerated dlasser 
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Bunce terte were quickly takea up ia Amrita, where they 
were adapted and revaed ta ft Amencin children and the 
condstoar of American hie Goddard (191) war the fit 
to watroduce Bae’ tent Sato Amenca. He tranaated the 
vale rato Englah, made come changes io the postion and 
wording of certan com, and uted the scale extensively «2 
‘aw work with the fecble-munded ac the Vineland Teasing 
Schod. Several later revinoer of the Bucct scale have ap- 
peared, one by Terman in 1916, and two by Kablman is 
gia and 1gaa In addiven Yerkes, Bridges, and Hardwick 
(2915) and Heermg (192s) have published revinons 12 
wwonch the clasncaten of the tert into age-groupa bas been. 
abandoned is favor of “poct scale” method In pout ecalet 
the tents are fre arcanged ue an order of dificuky, and 
credia or pores are then allowed in accordance with the 
‘oumber of testa pawed wuccesafelly This posst weote may be 
traaalated :a:0 a Cocficent of Mental Abitty, dhe child’ 
divided by the norm for hos age (Yerke), or into the 
smote amiuar MA ot 1 Q (Hernng). 
By far the best known, and che moet widely veed, of the 
0 of the Binee-Sumion Seale of tess s that of Profer 
tor LM Terman of Stanford Univernty. This revinion it 
known genectly ax the “Seanford Revanaa,” or often umply 
“Stanford-Binet,” and it v carefcl and thocavph working 
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sve ofthe od Binet scale. Terman found that Biee’s tests 
tree too fw and too dficlt atthe upper agedeveay hat 
TEany were miaplcn! in the acale: sod that te onrecoows 
for gee the testa were olen adeSoie. To maote unfors- 
iy of procedure mz makiog bi rerwoo, coc hallyear wan 
‘peat te tazing examinee 10 five the Ue abd anocher 
Tualt-year m wepernton of the tnvog. Io al, forty ew tat, 
rere tned 02, 1200 schoobeblren of avenge soca! rts 
Hewiabing the chet expermental group As Rally rv 
ed Revien catdied Hiner tests Bey 4 Te 
Pv 294) eae Ser tens aad one alterante test ware 
Paced in each age group fom the age af cree co the age of 
gh tata wet placed at age tcie si at age forte, 
sia at “average adc” level (hes at tees), and tnt 
the “superior adult” level (ake at eighteen). To. addon 
to the mental age sore, Terex uted the exprsion ih 
ince qrotien, oO, 19 express meatal developsent 
Brghtneen® Tha term ie sieply whe rato of che meatal age 
to the chtooological ape. For example, x chd of eight wt 
feu M A of 8 year he an 1 Qf 8/8 or 5.005 a the chi 
MA is 6 year, bus Qi 6/8 75, a MA 1 2 ht 
1 Qs o/h or 145. The rental age exprenea the ietallesunl 
‘asus of the cid bie pone ex the meatal prom curve 
“ile the 1 Q ae us tow bright or how slow he w ree 
tcive to the average cil, whore IQ ie always 1.0, or 109 
46 1 is more commonly witea. Ia the Suntord Revie, 
tach of the ax tee watha given age-group com 
‘oo reache of rental age (ence at aes twee, fours, 
ros, and sighere, wocre each test at greater valve), 
to that meatal aga of vo many years pice 20 many monte 
t3ey be eakealtad roe the weal, 
"The child of wx year and wi mouth, ery, who ie eric 
1 Tae sm src quent ft cl by Goes Pre 
ps Witan Bae 
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snvernge should pass all of the (as for cx yea and below, 
fend three teste at age seven. As 2t lmppens, however, # 
auvicdly average child probably ezine only in textbooks, and 
sa wm almont every case there is some scatter fo a cil 
record of peste: that i» to may, be fal on some of the 
‘ons below ha true mental age and paver some of thove 
sbove i. To the end, however, these falures and wusceases 
‘balance each other, so that the normal child of seven years 
and four mosthe fraly comes out wich a meatal age of 7 
years and ¢ moaths, and x 1Q of 1e0 A superior tld, of 
‘Cure, wil go bigher theo bw acteal age, whole u retarted 
child wil find teste which he cansor do below bus chronclog\- 
cealagegronp. 

Before ths vecton clote, a word of warmang in in order 
regarding the admumacravos of the Stanford-Binet, of for 
tha matter, ney mndiedual mental ale, Because the terta 
‘soem 10 tay to give, many people mostakenly mmping that 
they can admimucer them wiboat previous superviion in 
text-grvng or teasnng in peychology. The unfortunate part 
cof rem that they exa give thee tests after a faxbion, but the 
rerule wil almost certainly be worbiews and wall ueually be 
downright musleadheg. Such “verter” forpec that the object 
fof the examiaxtcs is (9 vee whether « child can do certain 
things sender carefully presenbed condihons, aot whether 
hhe can do them when gover pleaty of tine, and often plenty 
of ruggestion and prodding, too, by the examiner. A trained 














xamuner, fret ofall, kiows the tats by heart; he it careful 
to ane that he har the child's confdeace, aad het wreulated, 
In interest, 40 that be wil do bus best; and he gwes and 





scores the Cer wercely according (othe chections Ind down, 
in the manual. A year’s graduate atody in peychology plux 
st leert six months’ pracueal eapeciedce in giving toeatal 
teste under supervision is 2 mcimem requirement for 
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Av indicated fa the last aceon, the average adelt level of 
spucel stelgcnce was placed by Temas at tern yoare 
‘The view shat iealogence matures ot reaches the adult evel 
ath relanvely criy age generally regarded wth aarpribe 
12x unmuted with doute by neecprychologire, Many people 
ace cined wo contend chat mualgence surely contnbes 
frow wel ato middle Lfe, aad they roeat—when they do 
ot toll aimthe idea thit Dhey eno marr at lony 
thas at waien. The cofunce bere it dve entirely to 
iirundertandiog of what the prrcholopt means by mill 
ence aod by matures. By intaigace, most be remen- 
tere, pryeologas mean ready adapta v0 new 3 
racnial aertnen, Keesoes, and ingeouny, and. wot 
Anowtcige or experience, wick are prodec of tee, aad 
relch orally do eereave moth age—et let beyond sateen 
years Generally speaoag, obvices, of coure, that the 
vere father has more peotal—and wore epecal—kowi- 
segs thao hs sirtec-yeareld wo, that be ca do many more 
things and han wderexperence, though be may be 20 mere 
lore nor readily adaptable (geuencaly ineTigeod) in the 
prycholope’s sense Carefully repened menurementy of 
(he same and of dierent ickviduals over « pend of years 
ave sbowa that ative abit (an 40 fat a8 tit mentored 
by meal tans) increases rupely dung the etry yeas, 
hea advascer more and. moce slowly ax the (cea a 
reached, untl somewhere berweea fourteen and. aateca 
Yeu the sverige inden docs ea well an be wll do at 
{wenty oc thy ears, or ever. At is comparivvely early 
sags, most people poweut a8 muck natal Hacnaees at sect 
rstve ability, apert from expencace, as chey wil ever haves! 
‘Corvet chowitg the growth of ictligence ra bright, aver- 
See hr Cap 4s wo 1009 
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age, ad dull children are repeaected in Figure 2.'The md 
‘de corve thows the courts of average, the upper curve of 
supenet, aad Gre lower curve of wefenor inellest Note that 
svernge iicligeoce rises rapidly dung the St four or fire 
{eee that from fre (o ten or eleven, row, wile evident, 
Ie conedersbly slower; aed that from wr pst ok the 
‘qurve gradually ceases to due, becoming level somewhere 
Terwern fourteen and sartera Years. The carve for vopeiar 





a 
Chrvsctogical age 

Pes 
Wawa, Omura Cony ry Syma Nanay sy Dns Comaney 


Incigence ies more rapidly an gone tigher has the 
srecage curry probably aoe feacieg ire wo two 
bees yea Teter. Av shown by ce lower core, mental 





‘haa mm the normal, or average, rowth curve. Except inthe 
smatter of speed gad quickness of raporan, the Joe © general 
ablicy from twenty to fory or fory-Sve year appease 9 be 
relatively alight Tn ld age geceral incaigence wants slowly. 


mu Urea maxporimmane sa 2 syunuwny 
o 

‘The wideapeead applicaion of iotligeace nats to large 

munhert of chldrea tad adule har extabished gure clearly 

the vartcot degcess of snceligesce to be expected im the 


populanen ax large. In ecaustcal langeage, inelbgence 5e 
{aid tobe “dscrbuced normaly,” vat iy im gocondtnce with 








the law of normal probabiity Figure 3 shows the nore! 
probabiiry ditribuuoe or tormal curva, with the per 
‘entagen of the dierent grades or degrece of sreligeace 
‘winch might be expected to oocur ia a very lage sample of, 
people. 

‘A sorct) dutrBagtion of perple with expect ro any tlt, 
such at hegh, spend of movement, or general esl, sey 
rmetna that the majonty powess 2 medium smouct of the 
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‘ait in quettion; that letter wad leer amounts ave pousssed 
by fewer and ewer iedivesale; aod that greet sa greet 
amounts are pomented by stadly decreaneg eumbert. To 
ue in daferent way, we beg atthe average, the pro= 
artion of indsndsale becomer emaler aud saaler a4 the 
[Amount of the traie grows eer Target ot awaller ‘The 20% 
imal datnbution of » burma trait or charactenwte 1 well, 
aMoutrated fa che cme of benght. By far the greater aumber 
fof men are cane to Sve fet eight saches se heght (the aver 
age); femer men wl be found two sachs tae at to inches 
‘Sorter thas ths average, «til fewer four laches aller of 
four mbes sberter, while the muber of very tll (ever 
seven feet) and very shor, (under five fart) sven is excoed- 
A) indeed. What in crue of height ia true alto of 
teigence, and probably of al) mental 
ted meaaurecsents of vaceligence bave eautblubed th 
fact tate about 60. per cent of the general popalasion 
dare of wverage intelbgence: 18-e9 per ceot are tomewhat 
Inher or somewbet lower thax ta average; while 
roughly 1-2 per cxat are very wapence or very inlener. (See 
Figs 3) 
‘A draccption of cudlecat! level io terme of 1 Q may be 


a. 
ue Glaarfcaron she popataion 
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OF conte, the samber of foeble-minded ia the general 
population (here put at pee cant) wil depeed spon where 
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the line of demareatioe between the sormal x0d the foeble- 
aided ie drawn. At prevent the best opswan teem to be 
that all zdinidsals below 70 IQ sboold probably be clan 
a8 fecble-munded Three causes of the feebleoded are gea~ 
Ay recognized by paychologurty vit sath, imbecile, und 





‘morons, Idiots, who are the lower in intellect, range iz 1 Q 
{fram aboot 0-5, their meatal ages rarely go above 2 years 
Imbecles range ve TQ from 25 to about 59, with mental 
ages of ftom 3 to 7 years. Morons bave 2 Qe from so 10 





years Beales like the Staoford-Bince have proved to be ex 
lwemey useful in diferencaume quickly and accurately 
among these diferent grades of feeble-nindednees In many 
vastrauons for the feeble-mueded, the lend aod the extent 
of the trang attempted depende in large port upon the 
teluninaey mental ve rang. 

Worth mentioning in he present conection is a consiba- 
luo made to theoretical peychology By the Binet and other 
mental vata ‘That the experumental finding thatthe fexble- 
minded are sot 4 dstect epecer separated off from the 
‘normal bastan, a, for msteece, anaels are separated from 
man? Thee 1 no dharp dwalon berween normal and 
{eable-minded ao far se performance on sotligence testa is 
cnceraed, bat a gradual progreston from one group to the 
‘other, The diference berwern the ewo group it quemuatioe 
rather thao gualzane, « mazes of more available and more 
complex bebavioe units rather thue 4 mutter of a diferent 

pal actty. 
igual tera were conserected with the expreat 
purpote of locating the feble-mded, for « long tite thie 
‘ma regarded as the chiel fencdian of general intaligence 


‘Noomly, MN The Preheogy of Metaty Downs Chien 
Cate Uarerety Coininicas ts Poesy aod Pecelgy 
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tana, Probably 2 good deat of the mupision with which 
gu were (ad ell r,t nce degree) regarded at 











means of fndiog brat chidven who sbould be 
rapidly advanced or gyven epeial atection. Tecrman's recest 
teadiet (2936) of 1,000 children wth TQ of 190 40d above 
tas shown 
the average in heghe, weighs, and general health, an wall at 
In looks and sonal asd emouceal maranty (ace forther page 
179). Tha Hacly contradicts the cd idea—suil widely prev- 
lene, unformaately—that preconour coldren are urvelly 
poody adjurted vocally, that they tend to be puny, 
a that they ovally de we ax early age! 
"very beg chldcea were far the mae part 
prfeauoesl cad the semsprofcsonal anes (00 pt 
Ds only 4 wre fracuce (6 per cent) coming from 
clied and Inboring classes. One fourth of the children. 
had ac least one parent who war a college gradusze, while the 
average schooling of both parests was about ewelve grades— 
‘ewice that of the geaeral adelt populenon. Theee revels ta 
dicate that both the hereday ard the epwronsmeat of there 
bight chidren were dutictiy above average. 




























o 
"The question of the comuncy or seability of an ‘adie 
‘Vidua’s general level of intelligence chroaghout ute ia b 





‘up with the prior consideration of whether ustaligence 
‘bom and nate, sed ence largciy of not exuely determined 
at bith; or mhether it oaly loosely native ia the seane chat 
A behavior 1 fundamentally and potentelly eabve, and 
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hence is geoeally snd highly oaceptible touring, There 





‘er much the eume manner w» phytic 
Chanecenticn 

Ta the fv place, we have the fac of exes evecydny 
observation Bright boye and brgit pis tend to ow ite 
bright mee asd wossee, while the tstory of etapa people 
veal more often tae etherwie a rvord of eospidty ve chld> 
hood Neatly every ave can cite instances from bit wa eX 
penence of dul culdren, wto is spate ch every advantage 8o- 

iy and educaiaaly, have grown isto dll and medicare 
sen and women, while we all Low of beght caldees, wha, 
despite erie disadvantage, have vonsted epan remsining 
bght wad becaning woccetfel Aroeg children who go¥ 
bp io the same commonty, attend the same «he 

‘mons, ad alls all, pos 
the mic opportuni, soe wil Ieara ore rapidly aod 
progres (ater than dkers Soch ab outenme un be argly 
fhe reelast of aetive difeeaces 12 edownet. 

"There are exceptioat, of course Duca, 
evaight, vokiod weatment, reacted 
meatal of thete teeve 20 coupiate the 
problem. Hac when all of thee ae allowed fr, the lat etl 
eas tht vou people we exuvely beter equppal mex 
tally haa others 

‘The biographies of mex of geaics reves! the fact that 

usally appear eu wo daldhood. A faout 
iturraon i the eave of See Frazcis Galo, who could re 
en be was two and ane ball year old. The day before 
ffeh birthday he wrote the following mote to kis 
dear Adele, {am q years cid and can sad acy 

























any sum un addition and mulvply by 3,5. 4 56 8 10.1 
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can alo say the peace table. Fraocie Galton. Febuary (se) 
25, very.” Terman (2917), after studyneg Gal's biography 
aad later career, estimates that hu 1 Q rout ave been clove 
to 200 Volace begun to read at trae and at ewelve wrote 
a tragedy Sic Inane Newson, usw eld, wat “eonstanty o6- 
cupied during bre play houre” in devting all sors of coo 
frivances and machines, espedally watercdocks and biter 
At sevestees, Goethe was familiar wth the portry of the 
Teading nations, he bad done exensive sending in Gerzian, 
‘and Hebrew; ke Kaew the Rtory of the 
European countrie ie deal, he played the pinno and the 
fare, and was conndered a promising art tudent* Orber 
ound Macaulay could read at four, and at 
ght wrote “treatise to coavert the eaves of Malabar 19 
Chriswanity”, Jonathan Edwards wrote a paper on widers 
an twelve which actually crossed the seanée Keowiedge 
fn the abject, Wales Sott and John Stsart Mill were cot- 
dered to be infant prodkgrs. Childhood bivories of Fr 
ey Bacco, Descartes, Spinoza, and many otters all give 
easly promive of late? pretness, 
"Not all geniuses, however, keve bsea resngaised a8 pre- 
cocioue in youth. Darwc, for intance, was conwsdered rather 
dul by ha teacher, party, no doubt, because be earned it~ 

















smog wakemeded.” Thomas A. Edioo 
foot of bis clas in tchool, aod considered 
teacher, despite the fact that be read Gibb 
Fall of the Romax Emper, Home's Hiuory of Englend, 
and Burtoa's Anatomy of Melowcholy belore he was twelve, 


Foc mews Utstens ae Gesty Siedur of Grant (238, 
vat 
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Tea hasty probable tt eve wanzaions ee exepion 
‘w the rule, “baght child, bgt adult.” Many bnillieat chul- 
rea ave boptany winvederaed by dee parca ue well 
ft by ther teachers Uneeroned m the (them) imple 
‘eo tang in chet they often nope ter leon etn 
smile concering thenssves with mater fat Deyood the 
Capaciy or incre of the entinnry cid Bight cide, 
tho ate iregaauy minchuvous and probem cae, been 
queky granpog what taht, hey we ot ry toned of 
‘telly paying stenton end dog sugeed task. Tate 
face tere are aig mock to ducover aed promis forthe 
Excel ehld. Speonl aten eee stuie, and other 
tpedienu of lle nates ofer opporcany for inave 

creative eodeavr, 1 that he energy ofthe Bright chi 
Wt wefly conserved aed xpd 

‘To take the other extreme of the iatellyrence scale, we have 
much evidence, too, that iotelhgence ix natwe and inbented 
trom the way 10 which fcbierededetan tends to ut in 
families Authontics esumate that fully 90 per cent of all 
feebleaundedaess i exis and invesed, the remaining tO 
per cant being due to dicate oily at bth or aly 
hldhood (Tredgeld, 1982). Normal pecete who come for 
{opie 12 which there no mental defer rately have 2 
{echtomndod cl I weve, ac paret  aoroal ted 
‘the other feeble~eunded, come of the ehuldren are likely to be 
{eshlomded or very dal; whe bach pares ae ferble- 
sued, lof he Gilden mil be feted ox lowsrade. 
‘Many ties have era made woth sbow that frbleraioded 
cand to ate wus fsbo, hot pug on te defect 
fram one genersin tthe eer. Godard (opr) i i dy 
of the Knitak fey (a Bcoocun came) went back Sve geo 
tration to Maco Kala, a man of good abisy (pre- 
tmably), who, dung the American Revolution, bad oo 
‘Degromete soe by « rel Knows tobe fobleminded, From 
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Shia som have come 4Bo descendant, Of thes, 143 ete 
feebleronded, foreyo probably ores! and Ge ret 
doubts. Amoog the to ly, thiryaix were lente, 
‘Gurotbres were cezualy omotal, monly prosute, 
teaty-out were druskars, ree were eplepic, eghry- 
tao died Snlancy, three were crimaalsy and eight were 
Aeepern of heute of fae Of ch farm tree Thoradike 
remarks (191g), that iC cooneuts “a hornd array of human, 
competence?” After the Revelation, Maria Ralak 2 
‘ed a normally iateliges: woman of Quaker sock. For= 
‘ively Godard was able to race 46 descendana rom this 
sn, and the records of these ofoprag format ax eB 
ortrl” experiment, uit were to Ue the ine Al of th 
legume progeny, excepe pearly emo, were normal mene 
uly and tory, and severa) were evidently of sepenor 
antec In this group we hind lawyer, phynoant, yovet- 
set, profwsry, and colege peeneots Alter surveying all 
of his endence, Godard wrtes, “The fact thatthe devcend 
ts of beth the nope and the feebiereided mother have 
en niued and traced every coocewvable eavioanieny 
aad thar the respective wzaina have been tre 1 7p, tends 
to canfrn the Dele that bereiy has been the deter 
{actor inthe formation of their rexpecive character 
Expenmoental evidence of the insence of iaherance ia 
deweimaaiag the degree of iateligence hae come fram the 
ody of metal resemblances among members of the atme 
faraly. Galton, and later Theredke and Meriaa, anoag 
thers, have shown that twine are meoch more dike than 
age (ordinary brothee and eaten) in trait le afeced 
by tain at wel ain thon upon wink the schoo concen 
rater ia ituences (ee also pages 182-3). The relationship 
Iberwtes the mena teat exhibited by membere of «feral? 
Tigh a1 oc igher than the rcauaothip exibiced by 
phytic erat, uch ax Regt, wright, baie, and eyeoler 
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Since the physical reseoiblances of cwiss end broshers and 
sincere are aceptad a de to native factory, t would teem 
that masta taf most alo have © ative be 

1, as see Rghly probable, vtchgeace ie (amply dcter= 
mised by aauve facory, i flows that the 1 Q (ets 
to be w fair raearare of meatal abitty) sbould remain con- 
tant throughout life. Many recent studie have demonntrated 
‘hat this in rubstanually tree* Repections of the Stanford 

ict teat ov the satse child afer one, two, 67 more year 
yf thown hat a0 1 Q rarely vanes more thao four ove 
points up or dows from the inital valve. This rau holds 
of course, coly for mormal children who have had prety 
such the ume wocal and efsczional sdvamages and oppor- 
‘unites, Children brought to iantisavons from bad homes wll 
‘often show a derided inereate ia TQ after « few months of 
Xxed treatment, good food, and mobcal ateabon, rach at 
removal of dened toanls aod adccaiis. Als, children 
‘ted in elated exrcoamente or under pecdliar or rxteaio~ 
Jing condstons wil many tines exhib the same phenomenon 
of Q crease whee given sormal surroundsegs and fair 
‘epportusnty. Cates such at thee aze to be atinboted not to 
aby real inereane in eteectanlabley, bur eather tothe fart 
that the potential eapacues bave aot bitherto been given 4 
hance vo functice sormally. Sach T Q increases are really 
smeaaaces of the effect of x normal social euvirexment, edo- 
avs, and fair treatment. 

By way of summary, ic may be sid fairly that on the 

the BinetSieoo teat and thew revisions bave amply 

{sified thew exiteace and dex weexpread we. Teel 
prame for the fotare alla tbe drection of fires reat 
rent for the (eeorngible and inferior child ax well at for 

"n,m uta, Rags HO, and Cs, C, Centncy of the 
Sedna 10a she by RF, Jad El 
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the surmal snd svperiar by providing an opporunity com- 
‘meniursce with individeal abiiey and fed to individua) 
‘eeda. Te woeld soem that ioevtably sock 2 progema wut 
lead to better adjuscaests and increased hosmaa Bappiacs, 





Suggested Readings 
“There are many books on mesial terang to which the 
‘ersten ardent may cof Te fiowsng are soggerad 
Aiba hatory of the estang movement pres in Re 
Piste’ facligeace Ferre Cipas), Chapier 1 
2 CME ensue ae Blramct of ligener 
{igi pret smplen esnet of th Saton 
Fer le toe incallec in detingoency, see 
"Wk iy tad AF Scnaae, Ddngurate Bed Cae 


«Bee ea ses (eek amano of mary 
& ue Boscanens Prychelony (0995), Chap 









Chapter 2 


ARMY ALPHA AND THE RISE OF GROUP ‘TESTS 
FOR MEASURING GENERAL INTELLIGENCE 


0) 


ZTE steve ote of agence testa io the Amencas 
faroy donng the World War, for the purpove of et 

weing the abslay of lange groupe of rea at the same ume, 
‘oonttutes peychclogy’s grestest cxpertaent 25 homan engi 
neenng. Dong the years 917-1938, intelligence examce- 
tuoas were given wo slightly Jess than 2,7Se;000 men. AN an, 
Jimmedhate resol of these tens, aboot Sooo men were res- 
ommended for ducharge becsose af delectve imallgence 
tumething like t.000 sere assigned to labor battaboas oF 








vGlomat bute fr bvervasa sod faber tag 
‘one thd of the men ecarcined were vaable to read 
fF mete, oF ete did 40 wo poorly to be clswted ab Inerute, 
aed w tho wat ves « pind exacaton prepared for 
Marna. 

‘The army meatal texts were oot, asin vomecier supposed, 
simply a senien of quentiom, puczies, and ether “stunt,” 
throwa together without purpose or denga. Ox the contrary, 
they were carefully selected and metbodeally pin together 
sccordance with the best acientife protpice of tett-mal- 
‘ng thea available A brief cotlise of the atepe leading up 10 

ot dacttet f what peceiogts mas by the tems great 
metignce vr Cis 5 

















Anny Alpha x 


the castration of a groep tet Jor mesnurng general ine 
teligeace, dengoad espenly for scldiere, wil show the 
fave which was exerted. Ia) Aprh 1917; « coomttoe ma 
appointed by the Amerean Paycbcegia! Asoaaton, a2 
to thw comeutice was entrant the task of preparing an 
adequate tet for meanerg the geacral intellctial level of 
large groups of ren atthe vane Uae, Tie comvatee cote 
tuted of Sve prychologets who were specs in the Bld 
of tewal toting, and was under the direcuon of Robert M 
Yerkes as aioe. All of the matenal premooaly wed in 
mmeamanng intligence wat euled over, especialy & group 
text denwed by A. § Ors, which bad not at hat ure bean 
publbed The cosmttee decid that» geecalinteligence 
‘ramiaavon tended for we woh tales shoeld, a 
pombl, meet cenae defnte reqccements These it 
‘were at Fellows. (1) Ie shoud ms nearly as pousble be inde. 
pendent of spsae sched) information, scr te aim war 12 
CGtcover a man's attr abisey rar than Be degee of 
formal school rng (2) It shoald be steely graded 
Aitiaty, ie bard cog to tax the igh grade oe, aad at 
the sane Cine exeyeocuph 19 weasrethove of leer wbiity 
(3) Beoeng eat be empl, rapid, 403 cbyective, wo het 
Intle tapht be left to the personal judgment of the scorer 
(4) Tt should requice « reametum of wrtiog on the past of 
‘he taster, i ere to eiainste speed of wong a8 & large 
factor la decermusag the wore (5) A vusnber of diferent 
foras approumatlyeqeal we diicuty est be draw vp to 
prevent coachrg Th addition to these mare forma! requte 
‘menus ao efor: wae made ta vitae materia] wbich weal be 
interest fa uae and vacied ecouph to exp dhe rue Yon 
the job” How wel thene principle were adhered to we shal 
ne in later tection, 

‘Mece mich expenmentaton and tral, two tenth, ne for 
sen mo could ead and mit, and ont for thve who could 
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do nether (or lee do so very poorly) were devited. The 
tex for htecates was called the Alpha, that for erates the 
Bets, examination. tn peelininary aly, Alpha wat ted 
‘nn ce eemeneary and Ligh achoo! children; large groupe of 
students ui sckons, colleges, aed oficen” trang camps; 
hore thes 5000 enlisted met, and inmates of various ist 
(ulions for the feeble-maded The eahday of the exaroina- 
‘bon, that ea value as a measure of general ioelet, wat 
checked agumst all armlable citena. among the wade 
and the feebleraded, by wwch meseores of aptitude 
school grades, teacher” etimates af abit, nod other ite 
race tis suchas dhe Sunford-Beet,aimong she acide 
by officer” atiage for aby, cane actaroed, wbiity shown 
13 traming, previous evalua aecomaplistmesty and the ke 
‘The corriauon! between the Alphe tet and thee vn 
tena ranged (com $0 10 95, which meaae that said 
cally the rts 2 reauoeably vale measure of geneva absity 
re dened. The Beta tat gave retiroe cently an good 
at thote obtained with Alpha. The coniteaey or rduabuiey 
‘wth which Aipba and Beta meanure ablny proved als to 
be mustactry. For example, on ting second fora of 
Alpha, # wan’ acore wil carly dewate ore than four of 
five poims fram his frat rang, vo chet an obtained Alpha 
score imay be taken as an adequate metsere of performance 


e) 


‘The Army Alpha Ieuligence Exasuation* comated of 
caght tetts winch may be desenbed buely by the following 
‘Sonetston ux mattenateal mead of menureg rsa be 
wen poo of tat sees nr ewes Camu sce 
‘age low “F100, peri sdetomtby, veg, je 20 loo 
the, dows ton, pees ree Rint A canis fo 
Segue sl oe a op avery Mae nance 

The te Apher won re tp can roa Sum 2 oy ely 
nen elglzewse aed viele thas the fe Be Fer sh emt 























‘Anmy Alpha 3 
‘les, (1) Followng Dizecnaas; (2) Anthmeuc Problems, 
G) Practeal Judgment, (4) Synooym-Antonym; (5) Di 
areanged Seniencer; (6) Number Sees Complewoe, (2) 
‘Analogies; (B) General Information The Suen cach of 
these tests were aztaoged 00 a8 to be progressively more 





{blue fram the beginaoeg tothe end of the eve Teste 
‘were at for euch (ast share enough to prevens any but the 
‘ery fastest worker from Saubiog "hss precaution is eadily 





right have done a very few fers, at leas, had all exer 
‘nes been provided. Five forme of Alpha were coustructed, 
all appeosiontsly equal se diel, 

‘Jou exactly what the Alpha Eauciaaison was deugatd 10 
do will be dearer af we counder the veparate teats in nomt— 
‘whee greater data To Tea (1) Drrecuoon, each 
‘Hem wan to be marked by the welder im accordunce wich 
certain definte directoes gree by dhe excimer, For e1- 
‘rep, ia dhe second wm ere are mine cine each eo0- 
‘any i ordae a eamber from & to 9 The direcaoea ar at 
{ellow. 


“Atteaven! Look at 2, where the circles beve numbers in 
hers" Whea I say ‘Gay denw a tne from Circe Tue Gace 4 
hac wil pass above Cucle 3 sad Below Gude § Gol” {Ar 
low not over 5 seconds ) 














There are twelve items ‘tert the Teter coer beg 
snore dificult thaa these whith coe exter. 
sad dl hay ok Alt the Kowa parm, bee smpeneme 


la tee Beet Dap ol 
"ie Wlemag deme ote ares wea ea fom Fam §. 
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‘Test (2), Anthretic Problems coomted of twenty or 
tury problems of the “ressoneg™ or “mental anthmet 
vanery. The teath problem eeads 2 illows 
" sya tres day dew oor ean 
Five cunts te dowel fr Be cas vst 
1p Test (3), Practeat Judgment, the direcioos were to 
radicate the best of tres porte aarwers toa even quertion 
(X) me the “bax” betore w Teen 7, for ex 

















tei more experaye 
Cf can be proved Sser 

Oxly oe and ooe-hal rnates are allowed for thi tes 
‘which comuaae treen fees. Iw weaae to be a tet of 
practeal “commen seme 

‘Tart (4), Synooye-Antonys, was despa to peuge abil 
ity to apptehend felavoas of likeness and difereee. The 
blity (0 tee relaons se beled by rasy peychologta 
taplay a hahly smporast ries ioualigesce, em 36 and 
36 may be takee ar esapler 
muceappotite 36 
Stammesoponte 36 
Ttrucions are to wedertie “same” f che two words mean 
the tame oF neatly the same, aod if they do net, to underie 
“opporte” There are forty wene in ths vst and ose and 
coclf mates tre slowed 

"The Ditarcanged Sentences ‘Tere, No (5), wat plesnod 
to meanare the tence’. mpeovay and cleverness a8 showa in 
iv ability m rearrange jumbled words into « seateae: TD 
‘Sumac wah ems 36 208 22. 
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16, siccey canal ago built Panes years 
ft the.» Teroe-alee 16 

ax employ. i 
‘The ewenry-four ems un chit ent are ancwered by drawing 
1 line under “rue” or “fale” Two mincter are allowed 
Tet (6), Number Series Compleuon, was deugaed 10 
smeauaze “ressoniog” ability. ‘The tak vet was the comple 








‘The dretons ave to write op the doted lines ube two autae 
Deca which howd come nex the acnes. There are twenty 
stern on the test, and tice wineter ere alowed 
"Test (7), Aaaloies, wan elected ax another re of ability 
10 Mreaos ove” of “ce” clasons, of verbal tort. Toke 
uate wih seme 17 40d 36. 
a Ngeameal, «rare et plant bom 37 
Wertepsie __ welcomepleasure uaweleoese 
friends give . * 36 


‘The problem is to fied the veiaven berwoen the second and 
first words, and thea underle chat one of the four alter. 
natives that it slated ia the tame way to the third word 
‘There are forty iteme, and a tine allowance of three mnuter 
pre. 
General Tnformaton, Test (8), was indoded an order to 

















‘att has been mock entczed on the ground that rt druwe 
‘upon expenence and Kzomladge rather than upon intellectyal 
abiluy. Te proved, acrerthcle, to be 2 fey adequate 

talipence tee II we ave joniied io atsorang roughly the 
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tame cavironmeat, «seen cestonthle to muppets Uhat those 
‘wbo are tretally alert will gamner more informauon from 
thet scrroundiage then these who ave atopid and dl, Ire 
2 and 57 soll arve oe Wanernons. 
1 The siphon ed el sree 
ep ‘mactnne au 
wy wine fhe wane et color fabcic 
‘food : or 


urractens are to vaderise that cot of the four posible 
‘auewere which alee the best or “trues” seatence, There 
are focty ema inal, and four menstes are allowed, 


o 
‘The totat score on the Army Alpha Examination is ob- 
tured by adding topetes the seperate sort on the et 
re ‘core pele w att pants When 
‘been foond, the next sep a 10 
transate ie tural ang toto eter pads hy ena 
of Tobie 











Tass 1 
Lnrraa Guanes on cite Ansty Arua Exascxaron 
Leer racing A BCH C C~ DDE 
[Raoge of Alpha seaees t 
‘cometpenng. ae ye toe Te eae ie 

us Bho 4g Eee 

Pe cone of white wk. 

ent recuving each 
ieee grade. 4 Boss me 7 
‘The Unter grades cxverpording to the direst score 
saoges given in the ble were found by drawing vp 4 "di 
(nirmioe” or tabelanon of Alpha evore made by « large 
and (cpreveatanee group. Thu Geinbuven men then 1b- 
ded Into even aemuces. hgh aeoees (A), fauly bygh 


Army Alpha 7 


(B), avemge (C+ and ©), low (C—}, and very low (D, 
De and E). Later denntcoes, terete, ace to be kes 

teases of rlatee performance and are otto be ote 
{ed wal able envares (Oe taken rom a 008270), 
such an height and weght Any score fom 312-135 Se rea 
{mA sang, aay sare from 4-105 4 B rang, and 00 08 
‘About 4 per cent of the whe seers were anigoed A at 
{aga and aboot 93 per come A and B rage, whe neatly 
tw vhied (Ge per cent) fell mtn the C-f, C, ad C— 
aroupt. The average score made by the white eubeted sen 
Iran $9 Alpha pont, which correyponds to » Jee rating of 
The whue oficer made ox the average « ecore of 119 
pats, ett ll of duem aang A or B 

‘Shor afer the war, eras populbr wierssroued in- 
dtgaatoa and much confonon by the vequelid ststereat 
that the wena! age of the aveage Amencae ‘elder wat 
about 1g yearn The five reactor of the indwidoal unace 
‘quieted th tents sac test teckonlogy, Spon learning that 
the sental age ofthe average solder wat about equa to that 
fof a feacyenr high sche! hoy, was unully ove of dovbe, 
ddermos, oF araesemen:, Ibs wpecse atbtode depending 

ely, perhaps, upen hi ape, education, experience, and 
tophuteaton Among eazy Uncrca people, bowever, the 
prevahog mtude was—aed soll x to tome dogreo—one of 
Teaioess and eves dumay at what mph well be regarded 

the precarious outlook of the nation is view of the matal 
immaturity ofa lange share of us exizeny. 

"Thu eoaduton, forwearly, i entre 
frew cot of an simowt complete simunder 
writers menuoned of what the army tests are and what they 
really da Thin may be tendiy een af we look carefully ito 
‘e mmbod whereby the avecage min age of 14 feare 
seat cbuaised. Fir coe corsdatce ot correspondence bo- 
(ren the Alpha scores and the mental agerar determined 
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by the Stanford-Binet examaanoa"—of a large gtoup of 
men was calculaed. Ie was then dacovered that the Alphe 
score made by the average wie solder (C in leter grades) 
corresponded to a meatal age of about 14 yean’ oo the 
Stanford-Binet scale. The ctatereat of Alpha performance 
fn terme of meatal age, theo, enmply meant that the avers 
age acldier did about wt well on the test a4 the average 
fourteen-pear-ld schod-chld. Cerausly there need be not 
lng alacrang, nor even especally ducoscerting, about this 
nding, Reference to Figure 2, page 29, wil ahow shac the 
rite m the grown curve for soreal otchgence from 14 %0 
16 years extremely abght This means that the average 
white soldier was but hile below the level G6 year) 
sec by Terman ip tbe Stanford Revinon an the point at 
‘which stelbgence reaches sts watusity. There are several 
{acer which wit seeoees even for Una deferency In the frat 
place, many pryshologiets are now convinced that Terrute’s 











TGyear level w too bigh, aed that normal wteligeace 
matures somewhar eather, very probably ar 4 years, Also 
it must be remembered that the schooling of many of the 
dralted mex wan years removed, whch pet them at 2 di 
advange whes compared wu tebool-cdren on a paper 





‘wath whatever silt 4 man may have bad at one ume in 
fading aad Sgunog rapidly 
It should be adked fucther, by way of defeats of the 1ol- 
‘er, thatthe Alpha teat gave no meatuce of manual ab 
nor of aki w performemg mechazseal tasks, of ality to ex 
reste good judgment aod restamt in businest relations; of 
abiity to contro! net taper, or to get wloog on amicable 
eros we one's neighbors ental slertnest, and 
the aulty to uae problems invoiving laaguage and numbers 
See Chap 3. pp 1557 

















Aroyy Alpha 2» 


‘mth eate and despatch, ve, to deal mth “ideas 
rmitedly portant; and theve capaones ate cleady meu 
‘ured by the Alpba test But sills abatacr thalung aad 9 
desing with ideas doce ect exhacst the gamut of Be 
san acbievement by any mega; aod so, alin al, we noed 
not be grestly perturbed that the average aclder had a mea~ 
tal age of only 14 year on the Stanford-Binet scale, 


@ 

Since al ofthe men nduced ico the aray ware requted 
te gore ther former cel ocepatonn, ampereat da e- 
rwrdng the compvcatve stele of diferent orcopationa 
{roupr maybe ged (eos the army record Tete groupe 
scoring A and B on the tests, we find the professions, for 
the most pat te el engincert, mechan! engineers, PAY 
tans, lnmyen, teachers and owe erates. To th 
C+ group were mea who desenbed themselves 12 evil hfe 
as atenographers, bookleeepers, cera, photographers, and 
torre at abled trader In the C grasp wete carpenters, 
Fheemes, tale, Suthes, pier, laroer aot wll 
forckerpe. Store ceca cocks, Sabermen, fee, Bate 

and day lores mace ep the lowest props (C—— and 
Dy" ‘Cammon oberveton and expevenes at well tn och 
‘ther etn ts Reve been made ofthe obec, emphaae 
the wide difermoc im wera) level among crapations 
iroupe Tas army tte contre thetefnage We Rutt 
ot forget, homever, tat ealy eovionmest, lack of formal 
tdieroon, opparniay, and temperament, x wal as may 



































40 Great Experiments in Psychology 


We bave previously commented upon the fact that officers 
for the most part made auch hogher Alpha scores thea co- 
Dbeted men. Ths result was to be expected, a8 was ato the 
further feding thax ofcers i thove branches of the service 
which require techowea) training or special preparation ras 
Inghest om general mudigeoce Oficers am he Engine 
and Avtilery Corps, for example, ranked bigher than offcery 
a the Mich>ne Gu aad Field Sogeal Battalions; whle 
these, 10 turn, enade better scores than the officers ve the 
Quartermaster Corps and the Infancy. One eather surpring 
reault was the relauvely low average ratng of the oficers 
fof the Medical Carpe Wide aiferences in age and trasing, 
vwell as the methods of mibtery selectoa, sre a0 doubt 

to 2 large extent for ths poor showing. Ie it @ 
wellknown facz that the Medical Corps conned some of 
the ablere and at the same time some of the weakest 1e0 
tm the profeanca For the rearon ax “average -aislhgence 
‘bard eepresentatve of ether group. 


























@ 

Owing to the wae of the groups and the lack of apecal 
telecon, the army test deta yuld probably the facent and 
‘mont uobsed companion of negro and white zntellygence 
‘ich we potsets. Negro soldiers wored lower than white oo 
he Alpha tat, the average score of the white aokdier beng 
59, that of the Northera negra 39, and that of the Southern 
repro 12 Sioct Alpha was a test denned for ineraten, 








ty, led ta ther better showing on Alpha. To a cox 
ent, chia » vadensably trot, but iis hardly the 
‘whole sory. The educsuoaal opportanitis of the negro have 
beesnnand sell are—poorer thax those of che white, espe 





Army Alpha “ 


cally in the South, and cheae maquslites most surely be 
refeced im any test amvolvieg language end a kzowledge of 
smumbera. Yer when ulerate wher and atgroe are cot- 
pated for intelligence, the wintes are stil ahead On the 
Bea test, for exastple, which 2 wll be recalled 1s w none 
lunguage exemunauin, the average acove of the uneducated 
‘white older wan 43 pomts, hat of the unedvested northera 
egeo 33 pomce, aud that of the wasducated Seathera negro 
16 paancs. The gap here ve 20 a8 great at on the Alpha ‘eat, 
tobe sure, bat i sul fam large; xo that, whether Lterate 
‘or llerate the negro ail on the average somewhat below 
the comparable shite in general mteligence ay seanvred bY 
four teu. OF course the overlapping of scores 19 the two 
‘rroupe Tange, and many negroes curpats che average white 
core ‘Thur expecially true where the adection of Degroes 
stringent, as aa the case of oficer maternal For snatance, 
about 4o per ceat of the negro offcers made A or B raungt 
fon Alpha a8 against 80 per cenc of white offcers, but only 
14 per cent of the wlste draft made A or B acores, 

‘The Northern negra was supenor tothe Soathern both en 
Alpha and eva. Again tv wapossble to tell jurt how much 
of thu wypenorty comes (row. better edvcational equipment 
and how such from beteer native abiley Probably 1¢ 18 
‘uaually the more incelgent and more ambisoss negro who 
-maves toa Nonhera Stace where beter edurtional and het- 
ter workiag conditions muy prerumably be secured If the 
Northern negro w ft selected for wtelhgence, his better 
schooling would verve wmply to increase est forher the 
tatellectual and cultural gap between tim and fhe Southern 
Kaman, 
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‘An interesting comparuon of the intefigeece ratings of 
‘vanoue nationalities may Be secured from the scores made 
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by foreiga-born mea who were drafted woo the Amencan, 
surmy. The mtclbgence scores of thete mauons! groups were 
‘pot im terns of a "combueed ecale"-—a scale made up of the 
fight Alpha testa, the Staniord-Boct teats, and four teste 
from Bota. ‘The mazutum scoce on che “combined scale” 
wan 36 paints The average aces of the en who were bora 
in venous foreyn countnes, wogeher wath the aumber of 
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Te apparent from the table that men born sm northern 
European countoes rank consatestly higher, though the 
sdifereoces are slight, than men bora 2a southem European 
‘Thece varations ia the average scares of the dil 
ferent national groupe bave led to acrmomous discurons 
ad to ome il feslng Qu the one hand are the supporters of 
the theory of “Nordic mupenonty” mbo hold that the Nordic 
(mony northern Europeans) ccowttete a group quite dha 
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tins ily from be Alpin (manly wide Europea) 
and the Moditerraacacs (aosiy southera Europeans). 
Nonbes, their champions nat, are more intl 

heir neighbor, and they pass (0 the reruite of the intel 
(gence tests an experimental evidence ofthis fac 

‘Arrug on the other aide, the opponents of the Nord: 
chies explain the vanations in wtaligence est score an due 
‘entirely to diferences i language, costo, taiting, and edo- 
‘atonal background The bigb standing of the Englah and 
Scotch they take as concrete endeace of the inloence of the 
lnaguage factor Moreover, whie disputing the actuality of 
the threefold rapal devision unto Nowécy, Alpines, and Meds 
‘verancan, they bold that even if sock daesdceton were 
posable, we stll Rave no dex how representative of each 
counery (oF s2ch race) our amall samples ate Tha last i 
undenubly true, 28 ie also the farther fact that our ummak 
grants are rarely samplings from the sume sooal and intel- 
Teetaal strata of the various countries from which they come. 
Tt would seem thea thaz, all in all the army cess hardly 
prove the Nordic clam to supenonty, 

Tnterenting evidence of the apparent deck ia inteligeace 
cof Ameness wnugrauoa over the last quarterceatary may 
bbe leaned from the aroy text reeuke Foc instance, dose 
mmigraata who had lived more than twenty yeart in 
‘thie country scored higher oo the Yoombiced scale” thea 
those who had lived here from tex to tweety yeara Thene 
Jace indwrdvals, fonthermore, scored boghet then the very 

sent arnvals—thore wth lees than Gve year’ renleoce, 
cher we mut condude, appareadly, that our immigration 
Jnan become steadily less and less intelhgest, of elm take 











6, 4 Sindy of dno 
Integer (ist), op fipsve Cangace tho tlre wes Brgy 
‘vet nent wt ihe ney ob ache poe, we Begre 
News 1 
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the view thet foccignbora mex long exposed to Ameren 
conten, tenguage, and way of ble are enabled thereby to 
rea bigher scores on general snccllgence tet than 2 
squily intelhgent by and lage bot with shotr revieace, 
‘The mive afar from veted. Avie well kot, oar ea 
ammgrana were drama mascly from somber Earopean 
fountinn, Cermany, tbe Bosish Tales, and. Scandi 
and are geseraly and popslaly beitved to have bee 
tn excepUonaly weedy sack. OF ate, Amenean smiigrt- 
thon baz came largely from scuthers Europe, aad there 
rmuch evidence tht the infix from ete cousin has 
‘been from the mou dentable ements of the nave pop 
‘oon. Southern Evropeane scored lower io geocral on the 
Seaboel raly tes errs Beery is om 
ower 0¢ the nom angunge as wel as onthe 
aru ofthe tet We heve poatl outshone ha thet 
Aierences are vearcely ngaicant, but st feat they we 
ly in fayor of ce tower growpa. Tt seca probeble, den, 
that our smaspranon bas actualy dechoed voaewbat fa in 
teligence, Dut the egy uaksowe factors at Wock, tuch #8 
‘ifereucen i aby to vodernaed and ae the Engl lan- 
igs, mace o Ios volamanty with Amenéan vocal cut- 
toa wih ceasing hestavon and tty, nod inadequate 
or diferect elucatal prepartton, prevent any debate 
foacuton berg dzxwa from the army teat reise at they 
and. 




















o 
Is Section (5) it wan pamced cut chat x sods’ incall 
agence scare is eredzatly elated to bus amoust of schooling. 
‘The degree of th reatonthsp sul « moot qossuon even 
among peychologuts. Some bold that Sntcgence testy are 
Tide more thao measures of sckclastc achievement; other, 
that they mearare to a tigh degree, native abilty. The 


Anny Alpha 45 
feliowing table in which ace given the medion Alpha scores 
made by officers and ealuted mee who had completed, 10 
speutely, none to fave achool grades, Sve to eit choo! 
amradey, hgh echod), and college may verve to throm some light 
‘on thu quewon. 





Tama 1V 
Medion dipha scores for 
sen eoovats of education 

oie Stok Hah 


vith, EE Be 
= ST 
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String evidence of the importance of education to e+ 
cers se the Alpha cevt it deen am the fact thet the median 
sores of all groups (ach a single exception) increnne regu 
laely with saerentes ra echooling To fact, the general rule 
Wwonld seem to be the mare the schooling, the better the 
Intelhgence score. Thos might tem to dhepote of Alpe as a 
mmeanure of anything bet school ermaing did we not have 
equally striking evdeace of the wiuence of mental alertness 
fn Alpha vente ‘The offers, for instance, score consinentiy 
Iugher than the native’borm white soldiers for each grade of 
education, while the liner group, i> tom, regulary exceede 
the other three groupe At exch eduextonal level the order 
of Alpha score is. officers, ezuve-borm white, foreyn-hom 
‘inte, Northera negroes, and Southern apgroce. Thete reg 
lat and consiatent gapt in Alpba periormance, for a com 
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tent emount of schooling, bear ngnsicent textionogy to the 
art played by sauve ability 





fecion, "The median Ais sore made by the group of 
(eocad cficer (see Tac 1V) al of whom bad cowplesd 
eight grades or tess of school was compared with the median 
Alpha score of the 14,000 white soldiers, all of whom bad 
(am beyond the eghth prade "The fico? sore wan 107, 
{hat of the calmed men a difeene of em pect i 
favor of he fer vested ocr groop ‘Th rev hs often 
Due tan a4 consbave emoastniu chat eave ably 
fn ccc edecruce w the “crcl” factor in deceroanig 20 
‘ipta tcce Woe ta preboy cot, ate, everthley, 
chat when the oSices who had completed Sve to eit gradet, 
fe compared mith whie sider of the some edveaond 
ttawn (tr Table IV), the ference vs Sfy-c pos 1 
Invor ofthe ocr group! Prenat, lack f ce 
tion reduced the raperonty ofthe Rint fier group fram 
SSpams to 0 poate. 

doch compares as thewe Jad mmably to but one 
cooclunon, namely tat the more able mea rade the get 
‘pte scores ad ‘sis geealy, Dad the teat echosing. 
“Phase doobden the rer tobe expecad when we cemenbsr 
‘that cducation is im teelf  koghly sclectuve process; that 
‘the stoped and weunrelligenc child eraply does sot get 
throug cho excepe sarc, and thes, perhaps ot by ra 
won of bin own ability. OF every 1,000 children" who start, 
out in the fifth grade, only Goo, on the average, wll complete 
che eighth grade oly abot to wil complete gh acho, 
sed noe more than tmeaty wil go though legs. No doubt 
‘ere are aany resto, ease ane other, for it 
EUR by Re Da Fw be 

ae 
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enormogs efination; but certainly the mos powerful i the 
tmabilty to-do the work of the school eatwfactordy, with re 
taking discouragement and loss of eterest 

‘The ducovery that the more extensive the education the 
higher the Alpha score 1s nox. therefore pracf postive what 
‘Apha is a meazure of acho! wlormatioa and tot a tert of 
Inteligence. Indivduals who have completed high schoo! and 
‘allege ate by wortue of that accomplatment alone highly 
elected an to intellect, anct hence should be expected t© 
tote bigh on any valid mesnare of wtelipeace Again, w 
‘mutt remember that the educatoaa demands made by the 
‘Alpha tex are not eacesnve Graotad a common-icboo! 
‘eduestion and ordinary sequammtance with current Amencan 
IMe—which was true of the majorty of the men who tock 
the Alphe tett sm the army—a man's acore enut inevitably 
be priccrpally x meavure of fs general inteigence, of hiv 
ability to feara and to profit by expenence. No intligeace 
‘tnt can ever hope to mesnate “raw brso-power,” and i 
‘would be of litle valoe ot could for amtllct by any rete 
sonable defcince, can be measured only at ic expreees itll 
1m the activities aed taake of everyday Life. For men of 
meager educationoving to 20 faut oftheir own—en well at 
for thove who through msforute oF uncoward crewrestasces 
ve been deprived of « normal exetooment, the Alpha teat 
advontedly x2 unfair measure of sey. This mply meant 
that an Alpha score mast always be smerpreted with de tm 
raed fot obvious hasdicaps and Fimeatont. 
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Tromedianay after (and dumag) the war, the army Alphe 
‘teat was pen to headveds of rudeaw in our coleges and 
‘universities A comparivan of che scores made by cellege 
students with thove made by soldiers will prove interesting 
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In view of the ducuion in Section (7). The median Alpha 
scorer made by calege fraboee from many satcavons fall 
Derweet 130 and 240, which compares favorably wath the 
medua Alpha wore of 139 made by the white ofiert, But 16 
cuormeuy haghet haa the 59 made by the average white 
folder Within the departments of « unwenity, ther di 
Aacuve vatiauone fa Alpba score appear. Toone large univers 
any, for Instance the povi-geaduate studeou eoced hghest 
(ovedian 154), followed clonly by the wodergradts u- 
dents so wis (145), earnserng (244), und buxoete (145). 
Somewhat lower isthe weal were the tudests 19 education, 
sguccltue, pharmacy, and destwtry. The dereacen more 
Hite mont be almone sturdy the rot of diferecet 1a od 
the mamum achochng secemary for Alpha 
iy constant hrowghoxt. 
Ita caudate Sor college bar x0 Alpha t2ote below 100 
posts (120 for the berer collages) he sill have aa et 
tremely bard Gime of tw college. Somennes of cour, ¢ 
sade who sores nt mach over 100 ponte fay “get bi” 
ia calege, wile another who scores high may be dropped 
because of poor schelarcop Bet these upacte do oot occur 
ates, and, when they do, can generally be exparoed ar the 
feral of great perunence,detramatin, aed bard work on 
the per of thore etadent who aze average or below average 
in antlect, ued by ditracunas, outnde sateen laces, 
‘or character delta in thone able atudeote who afe em 
tate. Te is true of sourne thet euccae sn cllege doet not 
Aepend wholly upon gracral seteligence; but we may De 
ture that vacllecaal ably w by far che mont callvetual 
factor. The marked correlstos ('s0~—.65) between acbele 
ip and the more dacaminative sod beter constricted 
rrosp iteligence erazuaationy such x» the Thorndike Io- 
feligence Examination for High Schoo! Graduates and dhe 
‘Thuntone Prychologeal Bxantnaton, serve to demonstrate 
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capenmentaly the cote relation berweea grocral stelli- 
[nce and iehool achievement 

‘The army tess were the warting-poict for hat of group 
tents demgued to aieabure geeeral wcellectual (evel Many 
cof these are now bemg wedely wed 19 oor achoos and col 
lege, chiety an a means of velecong the more prom og ram 
ternal, or forthe purpose of clang studenca to medion, 
slow, and accelerated growp is wocondazce with the ably, 
More aad mare, co, meeligence (sts are being stradcea 
snto bunmers for the purpose of disgnom and tection. 
Many workers throughout the country are devoting thet 
nergy to the problem of sntreating the validty ad the 
accuracy of exting examestions 20d to the contraction of 
new instramencs Every indication hat itelbgence texting 
has come to say ‘1 due care  exeroeed in the imerpiei 
‘aon of rests and due regard u taken of exononal and tem 
peramestal (nonsatele=tal} faccors, we may be cerean 
That the foture of the movements 2 briphs ene 








Suggested Resdinge 


1 An sntareting 2nd (ally comprehenuve accoont of the 
amy texts muy be found un RM Yerkes and ©. 5. 
Youkum's Army Mewal Tests (1920). 

2, For a farther dueunoa of the reisuon beeween intel 

nce tert scores and achool achvevervent, tod for the 
fucational see of 
ante Mental Tests (1526), 

3 The valve and wver of mental 
cred in A.W. Kotthaoeer and Fe A Kingibury's 
Payehologeal Tests os Baracss (2924). 





Chapter 3 


ENBINGHAUS'S STUDIES IN MEMORY AND 
FORGETTING 


NYP E impor to experimental paychlony of the ex 
penmmente of Hermann Ebbuaghaur on memory hie 1 
he inercne valine af the work cael wa well ax vo the senpetus 
snd inspreation which it give to Kerally scotes of Iaer 
Invertgations, Ebbraghsus was born in r8s0 veux Bonn, Ger~ 
‘many. He attcoded reveral Geran univerites, bet retoraed 
doaeet degree m plslowophy atthe Univernty 
‘he age of twencyabree For aight yeare (886. 
), Ebbinghasn was profersce at the Univenty of 
0, from which post he went to the University of Brevi. 
Fe died 10 1909 winle om the mudat of preparing a thud ed. 
‘ton of his book Principtes of Paychology. 

"Is Kis experimental work on memory, Ubbreghaus war 
much luenced by Fechaes’ from whom, apparently he 
fot the ides of meatal measurement. The revlts of bis mem 
Ory txperimecte were published om 16R5 after xeveral yore 
of interrupted work. They math tbe Grae real attempt to 
‘spply precise scienide method to the arady of che “higher 
‘mental proceun” Suck phenomena bad Been regarded at 
10 “subjective,” too feting, even tco personal, pechaps for 
canct and quantitative treatment. Tt ie Ebbinghavr's contre 
bbatoa to have chown concusivey that meroory products are 
1s: amenable w expeccrert and to meatorement 4 ony Other 
Denutal Taco wich wich science deals 

"Wee Fecae?s werk ot the mera ef sti, we Chap ot 
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Ebbinghaus devised several valuable methods for seat 
ring memory which can be employed wich erent Koda 
ff mater. fa won, be itvuced « oew ind of mer 
ory tceral—abe vocalied somsense sllabler—vwhich por 
seas among other advantages the very real oot of beng re 
suvely free fom “ready-made” anacations. Noseare syt- 
{abt ay uted by Ebbighavs were meanregiau comb.setions 
of thee leaers, exch eoabvontion comnsteg of two couro- 
anes weperaed by a vomd ot dipbihorg, Examples re 
tap, toe, mah, and ry. Nocacsse eylubles of four Jener, 

smd, sls, are fe eontrected alse, and are pet= 
7s mote midly red in memory experiments 4 the prevent 
‘une than tone of this leek. 

‘To utente the very cel advancage of an 
syllables ma memory expenments, leon appar 
Dut to measure the emery ably of + ama group of edu- 
cated aduka, wisng 24 materal Ivncca’s “Cettysborg Ad 
esa” of Poc's “Raven Defercaces in memory tty wll 
syuckly eppeae, « consderable par of web may be at 

rch to the varying degree of xoquintance 
probably 
ation wil retalt from dierences 12 
faminary aa from dierences ta naive ably to learn, One 
man ray be favored becaute he we aleady ahghly falar 
‘with the wecuoo, or because e ino lnerary beat and hence 
{erutoed to soch memory tat. Avothet man zany be at 
‘dood dacdvancage becaute be sa mechatcal eeginter 
{in hone everyday activites inerhry ttectone and poet» are 
teldom exconntered. The eneqca! inital sate of 
‘uncehip aed foailarey wil always be preset for suds 
smacerial when mubjecte fer greatly mage, eecaton, exe 
Coral background, or teiomg; and ex, but toa same 
‘what lesser een, even among lr. 
‘Te wus to overcome these baadcaps and ab far as pouble 























2 Great Experiments in Peychology 
to eqeaize the backgrounds of dea ebyects shat exch 
sul start wh ¢cean “menory sate,” that Epbeagheut 1n- 
Yeoted hw poncesse syllables Ao equally smponsat advan 
lage of scovese syllables w chat the sme todidaal can 
be teted under difereat condwvane and at difereat umes 
sot maternal wffccatly equal m memory value and homo. 
{eseour a coatene Wo yield cody comparable esa All 
{old Bbbreghave eorructed shout 2,500 nonsente sable 
hich Ne employed ve the experiments to be detenbe. 
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[AD of Ebbughawv’s eapenaense were carned out upos 
dumaaf an sobyec and wece perforwed a an exrezely care- 
ful and bigh'y controlled manoer In each group of exper 

Ebbinghaus proposed « gener! problem which be 
murwprod to anewer by meant of rptebe experiment 
‘There problema may be couveneadly grouped under the fri 
fomog five heady: 

1 What is the relation between the emoust of teria 
to be memonaed ead the tue aed effort requ to leata 
te) Spactialy, what eee doce the length oft sent of none 
ten eplbles have upon the rapuity with whieh it ean be 
rmemoracd? 

9: What in he sean between amount or degree of lear 
tng aad rteanon? What ec: does the numberof repetinons 
ls given tenes have upon va rteaoa? 

3 How ia forging related wo the Ume interval betwens 
lesraiog and recall? What ele does the patting of time 
fave upon ones memery for comparable sees of ooaarsve 
orllabl? 

4 What eSece do repeated Learning and freqoeat review 
Inve upos one's ably wo ree what he ed 

- What sort of coumecoons are farmed in learsing: do 
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‘hey ron forward scry fram ons tem to the uct following 
‘only, of do they skip temas va the forward diceon, 20d 
trex sometimes inthe backward dracon? What the rel 
uve ntaogth of thee diferent asccatony musattg them, 
tobe co formal? 

‘These queroose may ppear at Set glasce to be presty 
lovely restricted to nonsense eylable (earning, and hence 10 
be of mmor value in clearing vp the vexed quesont of 
lesrnung and forgeteing 40 commen ie everyday life Closer 
anrpecion of Ebbughace's work, however, wl show Uhet st 
Deznmg upon the more complex probleme of memory 8 con 
stdenble, aad chat Ebbrgiawe approached sch problews 
Jn the only realy vote wey powsibl, mamey, dvouet 

‘of « ngorounly concrled method and of wanderd 
ral which avoided 10 2 bok degree the compbentins 
‘of worgual tint stemory valve 








o 


Lat us coonder the five problems fated above in onder. 
4. What the reltion between the amownt of materia 19 
be memonsed and the time and «fort required 10 learn i? 
‘Common expencace tells wt that the longer 4 pora of & 
‘prove memory lenao, te harder 2 v0 learn vp to the post 
‘where 1 can be repented “by hear-® Will the learning of 
tea verses of & poem requice twice a6 foog, thres umer as 
long, oF tix mee as loug ae the learning of five vernet? Prob- 








‘way, Firat, be recorded the ume and the 
imber of repectoae necessary for him to learn different 
liv of sevea, ea, cwelve, sisters, Onenty-Sour, and thiey-six 
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‘onsce syllables each, up t0 the point of ose errorlen 





‘ch tyllable ia the diferent int to gave w caxparauve akate 
‘ure of efor, Ebbieghses's results may be euted ia tabular 
oven as follows: 


Tans V 
Number Time average time 
Langthofions —efreadings forks “per ytable 
7 « faeces 4 nec 
ra yg é 
a 7 Be " 
eG we 
4 a 176 
3 7m aio 


From this table i¢ m clear that che Fie as well ay the 
‘number of repetiuons necessary for learning increntes much 
‘han the leagth of the lint to be learned, and th 






tively apealang, 20 exormcos jump io the number of read- 
‘ngs needed as we go from seven to ten aylabley; bet after 
this the sncreate is roughly constant and at dhe cate of about 
450 per cent from each syllable hat tothe next following, 1 
we daregand the agai comparatively lange zbcreane it tine 
of learning fear the cevee-word to the ten-word Lt, the 
‘me mnccement also ws roughly coestent and at the rate of 
about 200 per cent. Ic ue ioteresting to compare the effor, 
fnvalved in learning twelve, cweaty-four, end thirty-six ey! 
labley, as these fits arz ia whe rato 1:2:3. Taking the 
average time per syllable” for a lat of twelve, Le, 6 

cade pec syllable, as our datum or refseace pom, the list 
of tmeaty-four eyfablet requires two and onebalf timer, 

Ti method cd tie erm meh 
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and that of thers, ves and ewo-ecibs Sines an much 
tie expenditure per eylable x the ut of ewelve, The ab- 
solute uerear ix about 34 seconds per alae, on the aver- 
2s, om twelve to tweety four eplable wad shout § seconds 
per sylable from eweaty-toar to shiry-tiay heace it a 
dearly harder wo go (texn twdve 10 tweety tour aylables 
than foe: twetcy-four to thirty-six 

‘Ad the memory tusk increases in Seegth, ner only do we 
set an increas in the nucber of cadsogy and the tae re 
uited—which ia to be expeced--but 4 marked increase 
mi the tome ger syllable as wel. Thin suggests that the 
ireater the nuaber of asoastions required, ube greater i 
the effort wiuch must be expended on each association, aod, 
at learmng a loog Lut in ot, therelore, amply a matter 
of adding on more wllables to & short ot A partial exp 
nation of tn fdhng would veza toe ma the need of bang 
togecher parts or sertocs of the Joager sts into a cobetest 
whole as wel as of ong cogeher tbe separate syllables 
‘or slerenus. Tein taghly probable, to, that ua che longer 
les the laterformed. suoomtons serve to cenfute ad to 
bbe confused by those whuck come earlier, and as a rele 
all require beter Graben, 12, more leamisg. This inter- 
ference of ose vet of emocmccas with another wet i called 
retroactive inksbision when it extends i the backorard d- 
recon, a0d proactive rubaion wen it extends in the for- 
‘ward direeooa Bath kinds of confuomo kave been mach 
studied by peychalogits* The moral fr the praca laraes 
Lies i rocogazing the fact that ix arm 4 long leson 
‘et cxly must be expend more use ané efor than in 
earning a short lesson, bur more time and effort per element 
or deuil a9 well 


‘Sue, a ts comaton, Koha, E 5, Sens Fact Derm 
he Deer of Bussacne labo, Persp Monoganis (3). 
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By way of contrast with these ress from nonsense mat~ 
tari ie 8 laterening wo compare aoe resulta get by The 
bnghun wth measagle) subjectsticr. In veven ‘ets, 
cach cst compesing ot stasaas from Byron's “Dom Joao,” 
Ebbinghaus fosnd that be required on the average about 
sight repetiions to raach his standard of one etoriest 
recitaven Exch stazza costed about eighty syllables On 
the banis of the rents given in Table V above, Ebbing- 
haw extmated that he would probably have tequired about 
seventy to eighey repectons to leara eighty nousente syl- 
lnbten up obi standard of ane erotlese eztation A com 
panuos of thae figures for reasingfc) and wesngess 
materal giver vt, then, a rai of 30 1 19 favor of THe 
smeanogful, aad foraabes, m Edbroghans’s words, “an ap- 
Prouaste mimerval expressicn for the excvordinary 
‘antuge which the combed tes of messing, shythm, ni 
And common inquage gr fo te mac ee’ men 
‘An objection may be raised ¢o Ebbinghaw'e eandsrd of 
Jearaing, uanely, the time abd the mumber of repeuboxs 
rcemary to teach the for erroiess reproduction. Iapetie 
subjects, 1 maay be said, wil attempt to reproduce a 
Tit Selorew has bees vel learned, and besce run the rule 
of deseming confused aad dscouragtd; while cauvove 
Indivdvale voll eudy longer than ia neceastry, and hence 
ted to “oveclear.” The “eror of varuble standard” can 
be eoutelled in « praccal way by cequinng the eabject 10 
aurapt reprodectoa farly eatlp—Bot oot too eatiy—ia 
his Ieaening, thus makoog nore tht the inc errorian repro- 
action is really the frst reproduction of wach be 1 cap- 
able. Wich tard subjeca Ite difculy arses on din nc- 
fount. Probebly no ome siece Enbmghase has been better 
tramed oc more cateful than be, heace his reelte ave bughly 
reliable akough based upon data from only one pereon. 
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@ 

2. What it the reason betwee the emoant or dearer of 
Iearnug, and retewion?™ 

‘The reader will readily understand that the results quoted 
1m the last scion a7 Emcedib tape lace 1b every cat 
Ebbinghaus learned bis ims up to the powat of one correct, 
repraacts ony. Orézanly, of sours, me memorize {0 
fonsiderably grenier degree than th, nod a oneal the 
Slower the lest, the more ofea end the more paloma 
ingly does he go over hin tak, Wheto ce ondente of One 
crelarnng! wpon stare? Hibiaghros undertook 
ower the quetuon in the fllomeg experiment: He read 
‘vet the Lats of ators apablen ia ceaty the ame way 
fd atthe ame rate, exept a the oumber of readings 
‘aved from ene fo tary lose. Ths mean, of cour, hat 
tere of the ls were orelaroed to x very gh deere 
‘Twenty-four Bourr leer be sched chee seme Bet ool 
he coud jum sete them coce, He then fgred the peo 
ceiage sived ie teasing tac lite, be found bow 
smany tepettons fess were reared to flea dha to ara 
toratyfopt hours before, and what perce this sane Wo 
of the ongomal learning me. Tha trtbod of dying 
mory was devwed by Ebbinghaus and x koown a# the 

‘saviag method.” Following are some of hus results bused 
on ever! fia: 


Tams VE 
Rieialy 2 ey so 
Pace avd ae he J 
np io 

hours later . met 
‘howl Shain eins sy Sart set 
obra itat occas mace 
Soy 
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Evideatly each original repetition brought aboot 4 sax 
fg of alost exacey 1 per cent in the rearing necemary 
on the (owing day. The recackable vatlormsty of theae 
results suggeste that 100 readings ov the fret dey should 
openly tke xt pose to reproduce a lt oa the aeat day 
wichove any sdational learmieg—the saving would be 100 
per cent! Bur Ebbargiaus foued that it was impoasble for 
ix to read through a lit t09 tres without arows lapece 
sf areaton, fatigue, and dromucers. The indizaten hat tbe 
regular aving of » percent for each previons dx 

vil eventually break dows as the learner's “phytinlgical 
Tit” is reached; and that beyood thin poitt famher tepe> 
titoas will be of litde or to valve, 

"The dear iephcaton of this experiment in chat degree 
fof retention depends direc upoa the amour of work done 
(overearning), a8 well a» upon the amovot to be leared. 
Yo mecoriog sooneove ayables, ac Jeane, the strength of 
the connectane formed, the uaving in releasing, ia, up to 
4 cera point, roughly proportona tothe amosct of siudy 
puto thera Taw fact throws light epon the weiely held 
View that the slow learner retaiss beter tan the fas. 
learner, Perbape the truth of the master is chet the slow 
learner does more overlesring than che quick lesraer, and 
hence eaves wore ia reearaing. In dn connection the fol- 
Towing data from Radonsvfevich® are of ioteret, Thit 
ceqpenmenter compared chilies wth adults jo the learoing 
of twelve syllable noasense lis and the selearmag of the 
tame Lina after cwenty-lour hoor. Hin resuka were 
{alow 























Aaer emmy (here mach Btn ro 
uate gee See "Wenteeth, Eom of Ppl! 
Poche (is. 8 osx fbr secre ccs soe oe far 
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Tous VIE 


Ho reading 
reaky panera Pe 
in me Precent 
frrlesruag Konrrlatsr ofcamng 
of ‘ 7 
e 7 i 





‘The children took twice as many readings to learn the Its 
originally, bot they saved a comderably larger per ceat 12 
rlearaiog than be adoles Very probably this what 
pens vo che cave of che slow but ure lenroer, and ac- 
tz for hue appareet supenomty in reteotion over 
learner. For whea the axtouat of degree of ea 
kept coottant, the quck learner reine bere that 
low learcer (ub, pages 6872) 

OF the many studies of degree of learning and reteation 
‘which have followed those of 2%, probably the 
‘most thorough i that of Luk (1922). Th expenmecter 
‘ten tubjects memora lists of twelve noosente sylablen to 
four depress or mages of completeness: 100 per cent, 150, 
per oant, 67 per cant, and 33 per cent. In 100 percent Tear 
Ing each subject memonaad bis lies. up to the point of one 
crtorleas recitation; in 150 per ceat Searming he was allowed 
‘ae many cepetivone as ia 100 per cent learaing plut » boat 
‘of half su many agaso; in 67 per cent learning he was given 
tworthitds at many repetmons a8 22 100 per ceat learning, 

in 53 per cont leaving, cxeshied su many. Retention 
sted by three methods" writen reproductan, reomg- 
‘ion, and reconstruction (for description, see later page 
66). Lule cerults chomng the emoants retained after 
three Gme-iusrvals are given io Tsble VIII. 
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Tans VI 
Amount retened 
Memory method after three tamesateraal 
Wares reprosucton Phew a day "3 dey 
1y9g lamiog Be ie 3% 
seo gg 8 & 
ore gS 
35% os 8 4 
Recagittien 
Tyo% leanne... 9% ME 796 
FB 


Boh @ 
#8 6 
Wk ne We 
w 
Es # 
2.2 & 
the whole dese rela aopport Ebbinghans is oo far 
they indene et inctanng the repecons (6p t0 4 
ream pow) tach to boner rtenian The “éomsihog 
‘rurae” trom gverearoing, commented Upon by EBD 
tian re quae Gently town sa Labvs toord oer ater 
intetals of one day aod ewo days beter resale ate ob 
cd from coo per cet than from 450 per cent lang 
However the low fom evertearamg appear Sock tooeet 
am Lab's tha jg Ebbighact'e rruta. From Table V we 
ind that i uae Ebbmghace Gury tepebtiony to learn 
teen nonstate s7lables up to the eaedard ol one covet 
reciation If we ake thiry-<wo repentioes by Eobunghevt 
Gee Table VI) a6 roughly equivalent to Lab's tea pet 
tet leering, I would sam thar Eébinghstn evelearted 
1s matenal ‘up to 200 per ceat (ainty-four sepa) 
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ted dlereat methods of prsetig i satena (sse page 
66) aud of measuring memory rezeion; alto hu Ine were 
Shorter then thote of Ehbgtacs, ve, twelve va suteen 
(rable, Agass, Table VIE a based upon che average 
returns often penne, while Table VI gwer Ebbinghaus’ 
fetus lone. Doublets rovth of the apparent dnerepaney 
Berween the two tables may be facly aecbuved to Oilers 
acer in mech; bat, oa the whole, Luks reacts appent 
{o be de more lable Sommarsing our ela from theve 
txpermeats, ie appears certain thet ovedearaing up 10 
era peane (whed mune be determined expenmectaly} 
deinehy wera 

















fearwag and recall? What efect does she passing of tome 
have won one's memory for comparable renas of wonsense 
syllables? 


No doubt mort of ut have had the experience of Gding 
that & poem memonzad long: age, although it camnct be 
rented now, can be relearned sa a touch shorter time than 
takes to memorize new poet’ of the rame length and 
the stme approtimate diicutty Fortunately, too, thie 
‘uicker relearaing belds for mowt of the facts learned sa 
fechool for whieh retsotion appeare to be almost zero, Ine 
deed, the abiity 9 “get back” eaten) once learned but 
‘ow forgotten soeme oftentimes to be the only real jut. 
feeation for havng learned jt at all Ic w coramon experience, 
tee, thar the more recently we have staded 9 topic the 
fresher ie tends to be Just how ie dot forgetting related 
to the pateng of time? Do memories dim gradvally and 
progrestively, or is comparatively 2 large amoust lost 
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quickly, some faca with pousibiy a vague outline remsin- 
{ng for'a longer time! Ebbiggbave attacked thie particular 
problem i what i probably bis most important, and 
cartainly bi beat-know, experiment. Eight Tine of thirteen 
ronueant syllables cach were learoed up to the point of 
foro errereas reciasions. Then, after a lapte of twenty 
roomates, the Lats were apasn taken up and atudied as be 
fore untl exch Lire could be rected tmce wrthowr error 
‘The actual ume saved ia releartong wae thea expresed an 
a per cent of the origzal learnong time. (Tho 4 called 
the saving method ) To ilectrate bow this war dane, wt 
took Ebbinghaus on the average about eighteen minute. 
(to ssconds) ta learn twsive fee of thneen 2oavease 
syllbles each up to bis now stendard of two correc. 
reproductions Alter a lapse of tweety mieutes required 
‘only about ight minutes (498 seconds) for bum to relearn 
the same tate Thus means that there war a exvng of 
about 10/18, oF §6 per exat* of the nme winch Ebbmgheue 
requred to leare the luxe ongssally. Tw figure (56 per 
cent) meazures the reuzntian, of the amount which “suck” 
‘over a period of rweacy minstes, and chow that the for- 
(geteng uring. th tame wat 100-95, or 44 per cent 
Onber list of rea sylables each were Jearued by Eb- 
ugha ia the same msnzer aed relearmed again’ ater 
peneds of ove hous, mac hours, ove diy, two days, ont 
days, and thiny-ooe days sn duration, The per cect of 
ja each cave was calculated at above illoerated 

‘were learned and thes reearacd after the ster~ 
‘vals stated, Ebbghaua beg earefid so to diet bit 
‘experiments as to prevent agy oor period from being unduly 
favored by practice. Table 1X summarizes be principal 
rene, 

"Tha prctnage was decrmand mate acct te be pe emt by 
Extenda wher Hof bo Sa we soe 
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Tame IX 
Insereat 


ewer arnang Percentage of work Lass dus to 
‘and recarnng! raved (retention). forgctag 


ota eaters 

= : 
hours g 5 
Se 
i ae ag 
nap z a 

hy 

I 

; 


(Cuvee or neers Faun) 208 Reneune Sesame 
‘The erent frase er laf tht tal the te 
cape er kreay Tong he Danese ete” 


HE we deaw a graph of these reas, layizg of the See 
intervals betwoen learning end relenrog along she base: 
fine nad the por cesta forgotton 00 the vertical Az we get 
Ebbinghaun's Curve of Forgeting, shown in Figure 4. The 
bverve of this curve, Figure 5, 19 whch the per cant re- 
‘tamed are plotted agaiatt the Ganeanterval bacwens learning 
and theaceing, ie the Curve of Retention. This reteation 
‘curve, which has boca « classic in peychology forall of forty 
"years, has the general character of 43 lnvere legerhnse te 





4g Great Experimects in Peychology 


lotions.” Te indicat vat, afer the lange ictal drop from 
forenty minutes 29 two days, loxgeting proreeds sore and 
more sloviy until there is wary Sinls diference berween the 
Togs ater tan days sed after hinry days. A carin ism, 
‘presamably, wick almoet méchastely; ued ie jum this 
Zinman which cpa the balasce agaont the uneducated mas 
and in Inver of the edactied maa even whew Bhe fier bat 
‘ea lang ost of whoa 





Den 


Fes 
oars or Revernon Emenee su Nemante Shusne ar 


Later inveuigators working wih mary esbjecte and with 
smettangfl ratecal ot well a wth sonuenue syllables have 
sbuamsed rele decent s¢ sone respect from thote of 
Bhbiaghaus, but sot markedty a0, "The follows tabie from 
Radorsvljetch gives the teaode (rom several eubjecte both 
foe neosease syliablee aod poecy. 





oy emution & Bm PBA a what Bw per cra ean ¢— 


sotuonal cpg, CEN Ld Fe emcee 
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Toms X 
Inserealbe  Pencentageo} —Paveentage 
ruepulearnieg _tetesnon for ofetaanen 
(endrdvarmng sonven or poatry 
‘Sumer e Yoo 
Beane 5 % 
thou nm 
Shere a ke 
ayhouse & 7 
‘Sdeye o & 
bau 6 2 
Pens 2 fe 
yam Es 3 
Ho days 5 7 


In Table X, forpettiog proceeds at a dower rate the 
saperimental resale of Ebbenghaue, but the geserel 








‘the extremely poor record after ight houte being er 
'» owing to the eotaverable time of day at which 
learning Jel) (Ebbinghact bad taken accouat of chs 
fa hie work), The ummedsate retention for poet i 
st ght fave been expaced, somewhat better than that fot 
‘sean eplabey chogh verviaely emg ale twenty 
four houre the aidereace berween the two is negipibe. 
"The diferences between the records of Fibinghewe and 
Radouavljevich ace atesbucabie, ie part at leant, w the fet 
that the Inter aubjecss probably evedearaed wbeie ae 
tera, since they were in geoeral eeiver 0 well raed nor 
0 wiform in thet lenraeg acheds ot Epbingheu. Rado 
ievich connidered hin recelts to be far teperior 10 thore 
‘of Ebbuaghnut, but 1 in dovbtfal whether they actualy 
Suecredu the exer work. 
“ende the matter of cdividaa) Efecences ead ovelearon 
tng, the ratenuen af nonsense sylabler depends to « large 
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egree upon the method cxployed in meaming retention. 





‘elaraing (oe teving), written reproduction resoumzustion, 
lind recogu:pon. The prenttion of the nocseare eylxbles 
roughoss Luke wock wa ered by # routing drum 4p 
parache which exposed the waive syllables ane at a tme 
hrough an apemure in 4 seten. fn the antlopation meth- 
fo, the aubjert attempted in hu reprodecvon to andcypate 
tach ryllable before kt was showas the relearsing method 

the miving method of Ebbugbeus previouly devenbed, 
ja written reproduction the subject vimply wrote dows. 
Gf the aneense ayliabies which be could reaewber i # 
‘tated tine in recocatration he wae givee the twelve tyl- 
lable, epacaie tip of paper, and was iatructed 
to rearrange them fo the orginal order of presentauon, 
and in recognition he attempted to elect from twenty-four 
cllables the twelve which be bad seen, Lub's revlts ate 
hows ie Table Xi and hua reeation curves ix Figure 6 


Tams XT 


Percents veined after 
Method —20munt. thour $ave! 1 day 2days 

















Aetispation 0. OE O39 0 
Relomng (anne) 7506S a 
Wrntes reproduce BR tt cf 
Recoastrucios vs. 92 7S x 
Recogesion eos ” 





‘The oustanding fart ia Table XI ia the discrepancy x 
percentages reuined after the ve gwen mtervala. Clearly 
the method employed im recordiog amounts setained iy 
fleas ia uel to make the lowes after varioor Sime: 
facervala appear decidedly diferent ia eine, The hardest 

siethed ie amtiopavon, which je alanoet pare teal, with a 
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‘minimum of "es"; the extent method ie xecogsitn, where 
the Joes afer ewo daye in doghly less Usa the lous alte 

iautes by the anticipation method The rent, 











ree 
Cama Ranier nts Newent Sra Lahey wt 
ae 


Pecatogs samed te tl ote peta hy te eet 
etn nu) slang‘ fe Sarane are (Pon Lak spe} 


"The percentages resised by she elearaing method are the 
only rerulas diectly comparable to thore of Ebbinghaus 
{ane Tabie 1X), since Ebbaghast employed only tbe re 
earning (Le, mving) method. A compiriton of the per. 
centages taved for four timeiacervals at found by Ebbing- 
‘onus and Leh is 02 follow: 

50 ter qumple enag, EK, Eft of se Tine good open 
core Merman, Pebaapel Renew Gp): 33 
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Sealing Sida 
- aR us 18 
i HR BE OBE BE 
Bikers SG ae te So 


Ebbinghace's vonsts ten eegulesty from 18 to 20 pet 
cxot below these of Lub for comparable timenerale 
Perhaps part of thi difereece ie due to the fact chat Eb- 
bsghtce learned thirteen naneeose aylablen, while Lub's 
subject learned only twelve. From Table V we know that the 
[Blditn of tro ere tylables (ove jusap (tom ten to twelee) 
inereauet the nember of veaduegs seceseary for Jearaing 
‘rom thirteen f0 seventeen: hence am increane of one ty 
Ine might be expected to have some cBect, a least, on the 
ving from eelearaing. Buc the grater part ofthe dfereace 
ir vodoubtedly der to the method of preventation. Lab 
Presentation wax sigidly contaled, exch syllable berg 
thowo et an luclated unit s0 thar conmersocs mutt Dave 
‘been almort roo pec cent in the forward drecroa Ox the 
ther baad, Ebbuaghanr's Lace, which were epread out be- 
fore him offered ample opportunity for batkward as well 
far forward aundisons and for ancesatoes with the Tt 
fic 2 whole (see page 75 laren). If narsiog wat eater io 
Bbbinghava'e procedure than in Lab's, the enforced over- 
learaing of the laters subjects as compared with Ebbiege 
‘haus would inevitably bave roade forgetting las cup. 

(One farther recast expeciment on memory revention 

‘experiment this dine in which bighly complex 
and metniagfl material was ueed. HE. Jooes (v9as) han 
Mudied the retention of lectores by collage ecadency, alter 
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threa or four days, about 4§ per cent is remembered after 
fone work, 3§ per erst, after two weeks 31 per ceat; wad 
ther Gabe weeks, 24 pet cent The mension coeve planed 
from eve data falls of in muck she axe fesbion ou thet 
of Ebbinghaus for ncesense aylables: Le, che Toes in rapid 
a fint and progresively slower ax tive goes 00. 

‘Thea ruts on forgetong are of eooudernble practical 
Import tothe stadeotfaterered ia retacing ot Tong a1 por- 
inble the sateval which be ity lenroed. Since leryetong 
ik relatively very much faner daneg the me immedieily 
following lesraing, ebviouly the thing to do in to review 
‘arty and olen. In thn way what one has learned wil be 
held, vo 0 apeat, above the “memory chrosbold” Te mon 

Kept in mfad, however, thet Ebbioghius brrely learned 
tu mateoal ia the fat place We have found wlready bow 
enurmacsly reentice it afectal by overiearoog. The 
fore, when a messory Jenne ia exceedingly 3) learned 10 
begin wich, forgecting route proces at a very mock slower 
rate than that enbsed by Ebboghau's curve (4ee Figace 
4). The effect of repeated learning will be conndered io the 
ext section. 


























o 


4. What sfect do repeated learning and frequent review 
ave npon one's bitty to reteve whet he studs? 


‘We have tesa so the lant secoca thet mater just base 
learned’ tends to be frgocten very sopidly at Sat and Oren 
more slowly a8 tie goes oe. Ano, at the amoust forgot 
fen depends upon the method af recording retencon, 

‘wall a2 upon the labor expeeded in the orignal learning, 
appears deavy im Ebbioghawy’s wed Lal's cenita (Tables 
“Vi and VIII). What efecs, we sy now atk, doce repeated 
learning (review) have upon ceteatent Ebbingheos at 
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tecpted to anemer thin queroon io the ‘ellowing experl 
meat Fint, veri of twelve, twenty-four, and thityix 
omeote syilabler as well ag stascan from Byron's “Don 
Juan” were learued. They were then celearned at the vame 
hour on mx succeative days, exch tome up to the standard 
fof ne correct recictuoa. Table XIT ahows the number 
fof repeunons required at eack penod and the per ceat 
saved over the fmt day’s record 


Tae XY 
No. of repettsons which (om 


the average) swore necessary 
for Telgormng the zeres on 











oof Recepiae days, aio por cont 

Ditties saved on ction dogs Over 

Bienes ef dey tid 
Daxe 


puomiey ve 
12 Number of repenvons. 6517 75.5 3 25 
Ge saved over Smat day. =. 34 55 7D EE 85 
24 Number of repetmnons 44 225325 75 45 45 
Gh saved over hint day. 49 72-83" 9 9 
46 Number of repecuent . 55 23 1 75 45 55 
fe raved ver fra Bote of! of 
» sea *Dot Juan” 
umber of reponse - 778.373 175, £9 @ 
Ge taved over few day... 52 100 109 


‘The inoportast fact ia Table XII ve that the mocettary 

amount of relearning becomes. progretsivey less and | 

‘on each wuceeding day. To other words, the much ex 
der anocations wre forgotten more slowly than the 

lean exercited oc wcwer suociations. Oo cach 

day, Ebbinghaus brought Bis learamg vp to the standard 

of the previoaa day-—one correct rectation Tf thie meana 
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thac the atsciavons formed were fft in the seme condition 
at the end of exch day't earring, then logically we abould 
‘exyeet the lose to be abour the same from one day to the 
next, no marter how often the learmng was repented. To 
‘we an analogy, forgetting acearding wo thie view might be 
couctived of a8 the running down of a clock which mut be 
rewound to the same pont each day ia onder to bring it 
back 10 ste cxipnal effcency. So uf x took eleven repeti- 
‘haus on the second day to bring the twelve nonsense y= 
lables up to ther orignal etreagth on the fret day, i¢ ahold 
take dieves sxpetmons to bring chen: up to the same stand= 
tard on the third day, the fourth day, the Sth, and the 

On the contrary, however, we find that the lous due to i 
getting became lose and lowe alter each learsing 

(aa mem but oor thag, narmely, that conmeruane are more 
‘rongly ettabluhed the more often they are exermsed. So 
the multipicanon table, che monche of Ge year, and the 
pomes and relanons of common cous wre rately forgeticn 
cacept by very old pertoas or by those suffering from meatal 
digests, 

i to note ia Table XIF that the required 
repewions, whex the learning was repeated wt ated s- 
erval, were relabvely fewer for the fonger Lata. Thi 
owing to the fact that many more repetiuoes were neaded 
ongmlly 10 Gxate the looger sens, Bence from the Begia> 
ting the atesapone ia these hata were more Seely extab- 
bbabed. ‘The saving, for example, in celearoing thuty-aix 
ake ter afer twenty-four hours (Table XII) wae 
58 per cent as again a saving of 34 per cent for twalve 
‘ocuente eyllables ater the same interval But nearly three 
tnd one-balf times ax many repetitions were mbeded to leera 
the longer Int ia the fe place. 

‘An important diveovery made by Ebbinghane in the 
Present conneccan has 1 do with the relative valve of 
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irieed wera concenrotd Warring. Ebbinghave found 
ha ecny-eghtaaceenve tedingt of twelvealable It 
Sade epouale for tm to secam te ta a 98 the Sa 
lowing day ater ony seven repetitions When bs readings 
were apace over three days, the some Tea} wad not te 
Uiaed ol the fours day~but ealy dunyveghe preced- 
tng readings were necenary' Ta ater word, by » judo 
dinurbadoe of ore over three days, w rent was seced 
hich whee packed wo sng day roqued reve ax mock 
iRboe. The napenorcy of dvbeted oret concerted lara. 
ing bas bees nace veribed by other experimenters Jost 
(itgy, fer maple, wazg lu of motsense tyDabln, com 
patel ten rapes # ny for zee aye wh Obey epee 
Sa i+ ange dey, and found on added sang of boat 
15 per ccat me favor of dt-batedlearicg. Lyon (2904) 
found dutrbuted learning to pe betir eeeron chen lear 
tig conned toa angle stag Ta a recaarwaliconcled ce 
Patineat Rebmace, (1931) focnd dauibuied leasing ot 
{Gree place numbers to be spenor to concentrate letting 
both wits respect to amouctsetsced and aeciracy of reel 
Robins gives « bibhogepiy of dary ter on the tome 
ofthe reatve cizary of Guinbuted vert cocestatad 
itsonag. 

‘Closty rad to the questen af che bet dttsbuion 
ol earsng aud revew stat of the valor of station due 
{ng the learwng vel Some expermects of Gates (3917) 
ihn on tyro rcs Go par le te 


















ay 
lng the nts over and over. Orhers gave coe hh of ther 
time to “ael-rectaton”; thet Ly, eack subject epect this 
time ia attempting to recite the int to humell, promptiog 
himwelf when necemary with frequent celereace back ¥o the 
tit, Sel other subject gave two fds, chee ffiha, and 
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veo four Gfthe wo sef-recieon. The result of the tests 
fiven atthe end of the learsing period bowed that rec 
tion u 4 decided aid m= memoraing. Tote who gave four 
‘thie of ther time to vexating, or ieance, remembered 
ice m6 reuch a6 thote whe simply etd the Inte over 
sendy. Te every case, is foc, St was found that reeration 
rave beter retennoe than simple readieg; and this war 
Arve for weabingfal materal the vume ax for nansen 
sylables, 

‘The revolts quotad is the lant few paragraph are of 
eoutidetable importance aa schoo! werk, for they show 
leary hat repeuvon and Inequeot review are more efec- 
tive and more saviog of tme and lnber than lesrsiag con 
ceatinied mto ce great efort It is sometunen toe, of 
course, thatthe lever stdcat wi beable to “cram” enough 
Informacion to pees the next day’s exasueavon, Roweves 
Ihe mall almost ceratly retin Jee of the content than Bit 
sore tagscous beater who bas datrbeted bis learning 
hecughout the coune ia the manner cecommended by the 
protewor. 80 in che matter of retentiog, at least, would 
Seem that vires rewarded! 

By the way of summary, let ve Tis the mai factoa which 
wwe have found iafeual in deterainog the rate of fore 
getug Fort of al, che leagth of the letcn to be Harned 
ia dearly an important fast. Seeond, there ia the amount of 
labor expeuded on learning: the ore repestvons and the 
longer the ume spent in fearaing, the greater (within ints) 
the retention Turd, there in the distobeton of efor 
be sonndered Judicossly apaced review ut nearly a 
tuperior to matsed or coocestrated learoing, wil 
reitatton ie better thas merely readieg the mater 
and last m the characer of the reaterial co be learaed, 
Meanagfl mstcrat in more easily “faated” and bever re- 
tained than nonseoee material. 
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4. What tort of connections are formed sm learning do 
they ran forward zerlly from one term to the next fol- 
lowing only, 7 do they tip terms va the ford diection, 
dud even fomatimes te the beckard devon? What ws the 
tedtion nrengsh of these diferent asiooatons,aisemng 
them to be to formed? 


In any kind of learong, it eften sees that in adéiuon 
to simple 23,5, oF « b¢ forward sesccatons formed 
sev, ethcecoasecuoon tre ut up in vanous ways within 
the mstenal tobe learned, a8 well t with what we already 
know In te expenmenes of Eobinghes Kile dca, 
repebtin slays proended reyaary fom one eleble te 
the next folowing Renee, meld appeat tha only sent 
onsecons could be made, sad tht Sse comecus et 
be formed a abe forward drecoma aly. Ave there any 
ther arccavons formed in nonrense alibi lexrang? 

‘Ebbroghewe set oor fo anrwer tha qoerocn by lamang 
Tints of sec sylables ep tothe pont a oe come ote 
to, and then twenty-four bout ae? lea “deved 
lian made op in vary of ways from the orignal he 
If we designate the sylisbles of on origrael let by cumbers, 
asd oe Noy tape dived Ee mph be 

24, 5.7, 988 13 65.3 68 3018 tg 1 
‘Such 4 derived hst would clearty beneSt from forward 
tocatieas between cee term and the vrond fallomag 
pooatices had been forned wm Itaring the ongnat 
list. Ie should be easier, thes, to relearo auch a derived het 
than an entely ew cue, Anaber dened lat aight lp 
two slabs ithe lorwacd dreson: 
Tate Tr 1) 1s 16, $ 8 Uy Uh 5 6 2, 15, 

thus greg more emcee forward nncintces 4 che 10 
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‘operate if present. Sail ether devived uta draw up by Eb- 
‘nghaus skipped thre, four, and op to scren wmervening 
syllable Ia adéstion 10 these, other Tiss were canntruned 
fn wich the syllables were ceverad sm regelar order frum 
16 10 6, or were simply jumbled up or arcanged 1m chance 
order, Thus forward arsocntece, both near and remae, 
Iuckward associations, and any other madeatal contectiont 
ete green a chance to operate in the relearmng of present 
fa fact 

‘The average saving in terms of repetitions in learn 
these derived has twenry os houre after the ongital 
Ind been learned abows az Table XI. 











Toe XU 
2a hae vockanges 
brs derwed by aopp.sg 3 


3 

Sig ang ev te es Ah 
fevered Int, oilabiewopped- 

Fics bien aroged Sy chauct 0S 


Savig ncaa 
Xing m ernag 





‘The percectages of saving shown in the table are rather 
‘tall n reveral casey, but they are based upon sx of more 
Ita apd aze scatuvcally reluble. ft seems dear that con 
nections were actually formed am Jearamng theve bits aot 
simply from oor syllable to the next (allowing, but 10 the 
aecoad, the thied, and even more remote terms. To quote 
Ebbmpbave “As a result of the repection of the syllable 
tenes, certain connections are catabluched between ech 
‘member and all of those that follow st. These eanerane 
are revealed by che fare that che syllable pai uo bound 
together ave reall? to mnd more eanly and with the over- 
coming of less fsiztinn than similar pare which have mot 
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bees previously unted” The more remote the terms, the 
weaker the conacrton teada to be. Only 1m the cate of de- 
‘ved les in wbich the lables are suoply throwa together 
by chance or revered with ane eplable slapped se there 00 
vel sav 

“The explanation of "backward" “reeete forws 
‘onadeatal” wtvocatooe is proBubly vo be found in the learm~ 

‘method employed by Ebbmghsse rather then ix any 

revernble nearal mechan. With ha bit of noanetve 47 
{les spread aut belore bin, was almost impossible fr 
Ebbuagaus to recumfroe glancing backward and forward 
the read slowiy through « lis. Hence bw method might 
account for the sdventtious conection which showed up 
later on sa Jearnig the derived Its. It seeae Jikely Ghat 
touch of the beneit ebtned from oveceatsing 1 brought 

ut by a strengthening of the exenta) forward anoe 
ious tometer wb a gradual weakeniog of sokrect tod 
fem contecvons. Wich coninosd repepuons, bonds which 
mgt eanly enute coofouca and weterference when learning 
ww imperfect are muswmmzed fa favor of the moce necessary 
Alert ee 

Tn atterpteg to suzamanae m bref apace Ebbixybaun's 
chef cootnbutis to experimental paychology, we cu 
cerasaly lst (5) bus stredvcion and ute of quuautatnve 
taethods in the arady of learning and forgerung; (3) hiv 
meawurement of the factors governing Szabon, retention, 
tnd recall in verbal learting; and (3) to snvention of non- 

nse slabs. Ebbaghast's meno methods art today 
standard procedures 22 ube peycholgical Iboratny. He 
main resulta may be accepted sabatansally ay he Ltt them 
‘OF int savention of conteate syllables Titchener remarks? 
eis not woo much to aay that the recoure wo amtenae 
sable, x4 4 meas (o the mody of emoduon, marks the 

*Tateek of Pracaagy tops). > so 
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Chapter ¢ 
PAVLOV AND THE CONDITIONED REFLEX 


o 


(CTPAE rmcarcher ofthe great Ressnn wien, van Pav- 
lov, on the coudiGoted refer date roughly from the 
year 1904, 1m which Pevlow was asaried the Nobel prize 10 
mediane. Paviov’s early resale were publahed only 10 
Rurnan, and heace for some time chey mere hte kiown 
te scieatiats of cxher courtzien. When Gnally they began 
10 be avalable, however, they were seed upon wath avidity 








wndely curvent. Here at last i eeemted wo them, wat the 
foundanon vpoo which could be construced 4 staightior- 
ward and saturalne descnpuoa of Ruman behavior So it 
appened that Paviov'e method and his fcinge became the 
mnnstay of behavioram, the modern revolt aguinet intron 
spective paychology, aad are today ill the che! seiratbc 
‘weapon of the atncily objective prychologut. In addition, 
however, and happily, Paviow's revearches bave brosd and 
Important implications for general peychology at well. They 
Ihave, for instance, vbrown mock light pon the mechanics 
of Hearaing aad habitformaton, sod have tof to on in- 
‘eniout explanation of the age-cld problem of sleep Bee 
laden, Paviow and kis eudents have succeeded in produccy, 
abnormal mental statss m2 animals akin to thove widespread 
‘nodera nervoos ailments called nesrouc, which are thought 
by many plies and ecdepats tbe lca 0 br 
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proiuct of prereatday inteare aad complex. civilization, 
Trorday, an the age of eghty, thie remarkable man, the 100 
cof an cbecure peasant prist, ell eaihusuanicaly caret 
fou his work, aided by a devoted group of erudeate and fl- 
Towers. Experimental reports from bit lnboratory are eg 
crly awuited and read by scicatiic wee the world over. 

Bavlov's researches bagen with « wel-knowa and foe 
quently cbuerved fact Every ose of un hit seen the saliva 
Sip from 4 do? month as he waits un eager anticipation 
{or Kis fod. Probably most of wy, to, have fel eur sry 
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seve Sauer Sow ve Maceo «Ceara Rarer 


‘yatar” ne the sight or ador of appetizing food. Onpinally, 
ivey fa young animals or very young children, aura doce 
fot Bow watt food is actualy eaken :o10 the mouth: 
ther words i w an amtomeue and percly selexve gl 
iefles, Ube adequate wueaulas beng food c-the-mouth, 

Ya tine, however, a2 we all know, the wight or the odor of 
to wate the uliva How, Such a reflezve 














riginal, and biciopeally adequate, 
oned rlicx” The ancciated wirloe—the sight or odor 
of food—ia called the conditioned scimolor, oftentimes the 
fubsiune wtamalus, aed the rexponte to the coodiGoosd or 
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tubstiute cumulus is the condivioned celles. The ucheme it 
berzar shown, perhaps, ix Fogure 7 

Call 4 the adequate or uoconditcned wtimmuler for the 
efter 4°; Ukewne let B represcot the bolopealy adequive 
‘melas for BY If d becomes an fective imal for the 
telex B’, 4 in the evbatote womulus and B” un che condi 
‘vowed rele. Theoretically, all of our sate or reflexive 

tare capable of being condoned. "The salivary 
teller in partcaarly well adapted for expenmest, however, 
bbeenute Terponres to other then the ona wimulus can 
be accurately aaceruined and their eiength measured by 
ocing the amount of suka secretod, 

‘Toe eoodnioned reflex han deen widely employed in 
modern textbooks on paychology to explain how we learn 
or how we scquite mew respaoset and ew forms of be- 
havior. But x would be 4 stake for ve vo conclude that, 
‘because the coodiuoned response of CR! i a new term, 
it represeat x uew explanatory prisaple in prychology. In 
realty the iden is dvacdy old, and w clearly emphex m 
the time-honored lawa of assoowboe by sealant, contrast, 
and cootiguty 1m space aed tree. Esseclly what the laws 
‘of annocution aempted 10 explam war bow one ides or 
‘thought grows oat of, or is concerted with, or subeututes 
0, another. Ar eacly a» 1696, Jokn Locke ws his Busey Com 
cerning Haman Underitandeag gave Sioerratvone ro show how 
fndividual peculanues, likes, and dubker can be explained 
fon the principle of astonution of conditoning. Locke alto 
applied hit explanatory pronple of the atsociatin of 
‘to the learning of language by children. He writes: “If we 
‘will cbuerva how children lear langoages, we aball Sud that 

NOOR mandt br wetdnond rope The 3 ¢ tener eer tom 
shan couluad fer Doo the meng fe ten. fer See 

b ‘eee the pcre of 
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to make them uadertand what the acm of simple idea 
‘ox rubuances, sand for, people erdmarly show them the 
thnge whereof they would bave em have the 
theo repeat to chem the mame that stends for it, an Whit 
eet, milk, sugar, ext, dog.” Much later Wiliam Jasaer 
(1090) sted the law of cootgvity, co which the other 
laws of asocution may be reduced, ia che fallowing pete 
ange: “When two elemencary bram processes have beea ac- 
‘Sve together or w immediate euccesvoe, ane of them on re 
ccurnng, veada to propagate ite exctement into the othe 
‘Thaw sebmantully the same princple ax that of “cond- 
ona” 

U the ides of the condiwoned response 16 by no means 
modern, how, we may ask, does the work of Pavlov difer 
from that of the alder association prychologtt? The dil- 
ference hen stentally ix the fac that Paviow dealt not with 
deag” but with objecuve facts of behavior, 1.2, with 
sensory sumsh and gleadslar rexpootes which cxa be meat 
ured end compared. The great ment of Pavlor's method 
that renal 78 measured, Without memurement 
there can be, ordinarily, 20 defniveness, 2a acceracy, and no 

ne Tc Widow deferens, acura, and chee 
tive fact there can be no science. 





























®) 

Ye his aeodien of the conditioned refer, Pavlor bs 
worked slmort enetsly with doge and wah the salivary 
refer, Implic. ia all of Mis work us the theory that every 
thing che dog learat froma peppyhoad on w the rerut of the 
anociation of certaia events which happen to oocur at the 
tamme time with the biologically adequate etimulus to some 
auvve response, auch as withdrawing, struggling, esting, 
tex bebavior, of the ike. What the dog’ cas leata, Le, what 
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wtimoli can be condiviontd, bow fast he learns, and how 
tapidly be forgets, ¢ studied by mesuneg the sare Bow 
under rgrdly coptelled coaditioes. Pavlov chore t0 work 
sth the salivary redex musaly Becoune the stengus—or the 
degree—of a rexpoose, and not sumply 1 oocureeace oF non 
cocurence, i readily decermned by the amount of ealva 
recrctod. Besides, the salivary glands form a simple organ 
tnd aot a componte ane coating of several undes, there 
dena toase releses present to interfere with or coroplieate 
apenmestal control; and the response (4ecrevon) cao 
ined wath great presen ia exits a8 emall as one 














be 
cath of a drop. 
Pavlov’ method of meavurceg the subva How ib relatively 





simple. By means of » small wnenoe, 2 Suir of opening 
a made 10 the dog's cheek chrough which « glass tol 
intered mto the opsong of the parcod, of submaxillary 
(imo of the salvary) glands. The saliva which dnp from 
the tabe i collected and measured 10 Snely graduated con 
Uuicere As the salivary refx m deheate and readily inter- 
fered wah, che qrettent preceuuoan are taken ia Pavlov’s 
laboratory aguaat any disturbances. AL experiments are 
conducted un erperelly built medomlese sound-proot rocme 
(there ate eight vn all, the walle of which are of wef, wo 
fect thick. Both the food and the substrate auraul are 
presented automatally, the food by aa ingenious poeumatic 
device. Menawhle the expenmenter matches the dog from 
another compartment throvgh » pericope ia the wall, 10 
‘ut by no chance cae the dog respood to him rather than 
to the muh 























Hie ia taught co atand sell upoe ¢ emall table ia the sexpert 
rental room oa which ke w secured by a caller and othet 
ruatralaing but not uaconsfortable boeds. Ie ie reported that 
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the dogs lok forward wth every appearance of eaperneas 
‘to the experiment, jump pos the table without command 
and place thamscives in the correct postioa for the expens 
tment. A dugeem of the laboratory wep ie shown en 
Figure 8. 








1 to apply over and over agaie the condiuoced or eb 
‘we stimulus together web the vecoedsioned of astural 
somulus Io Pavlov’ expenmeets cllsctry, astory, vaua, 
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sod tact] simoh ae all wed at mdbrituce emul, food 
‘every cate beng the uecoaduoned or adcavate aczaulon 
‘With the dog stamdng quetly oa the tble, x emall deb 
of food is preenied, 42d wt the same we & hote, Nay, is 
tocnded or» bell a rong. Tha repeated thee alter tine 

rucnaive days the eumber of joist somulabons average 
ling trom eight to cen per experent Ar Brag the saliva 
flows oaly to the food plus the sound, but fay, afer 
repeated joist amvlations, usualy from tweety 10 forty, 
‘he saliva wil bin co flow atthe sound aloue ‘The soued 
Ietew a condoned ssl fr food, and the do’ sabvary 
posse ws saad x0 be coedsucoet Figure 9 will show thi 
‘more deat. 
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Food and sound comvag togetber often enough, the sound 
sradually becomes an eflecuve vomnules forthe tavary Bow. 
Not oly audtory stimu, but olfactory momul, auch at 
‘the odor of camphor; visual stimuli, such 

‘ometrca] forma, tactual stu, couchen ar Fight werarchee 
fon the ekin—all have beca subst for food and made 
tw prodace the anlva ow. Tn all ch experiments at thea, 
the doy’s brain acd servous system may be comidered (0 
have formed a connection between. the two stimuli) or 
learned that the substrate stimlus wands for the food. 
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‘Throogh wach msociavoes, the range of stinoli which Sead 
to a gwen umple reSexive act may become exormounly 
increated. Pant of the wodespread acuvty of both doy and 
Jnuroan is doublless acquired throogh just sach ecaple coo- 
dtaoned reflexes. 

‘The factor of time is importact in condiuoued refer 
‘expenmenta. Whea the conditoeed, or subsite, atimulos 
a given wmoltaneously wa the aatural sumalus, che CR 
fan usualy be secured Bat uf the eabsitte cumulus comer 
for even at short a period a2 one second after the satura) 
sumulus thee m 20 CR Keestovakof, ove of Pavlov’ 
made 5000 triale we which the aubautate atiulus, 
tcracch on the skin, was applied from one to three seconds 
after the unconditcoed weasulex (food) witbout securing 














sacerval beeween the applicaton of the substitute sumelut 
and the natural one Thus, f 2 note w rounded oo a horn, 
1d two minutes later food ie gree, the salva will not 
‘to flow, once the CR has been evtabbabed, until the 

orm a 









wbrutute and che natural eumules, the more numerous the 
apphcatons needed to build up the CR. 

‘When the wubstinate somalue is applied before the man 
‘tural mimulus (food), i i not always necetary that it be 
coatizued until the food ia presented. For satcance the aub- 
ture stimulus may five be applied, « pauee allowed, and 


The te ewe te ppc ofthe rues and happens 
«mck 
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theo the food presented This pavte berwees subsntute 
and satura! qumules may b¢ of connderable length, even 
three meautes 6 sot uousual Te latext peciod in these e=- 
ermments almost exactly eqeats the penod between the 
appheauoa of che subestute somalue and the food. For 
crample, a note may be sounded once, and two miouter 
Inner focd given, and thi procem be repeated many times 
Eventually, whea the azsmal is coedivoced, saliva wil begin 
ta Bow jutt two minutes after the sound, at the time when 
the food onheanly appeared. Thon type af delayed cerponte 
ss ealled a "tace efes” That the sstervenmg period 90t 
simply one of inacuvmy w shown by the fact tbat any extce 
tumour (fic be a stzang one) which by chance or exbers 
‘ue 2 applied dunog the watueg period wil cause a veer 
toon of saliva immediately (see Later page 90) The se 
steaming mecbasnam at work dung whit wast apparently 
like a delicate balaoce which 1 upset by any strong auper- 
‘vening stimula, 

‘Asather phencmenon clovely alin 0 the trace redex 8 
called mmply the "ume relax” If 2 dog ws fed at stated 
interval, tay every Tea munutes, he 4000 becomes cond 
‘boned © thie cimemuerval 40 shat aslva will flow every 
‘ten minutes in mabepation, a8 at were, of the food. It would 
oem in such casee that some rhythm or penodicity bad been 
‘emtablished sn the necvoun aysters which “sets of” the re- 
sponse 1 the proper tune, much ax 2 “repeater” slarm-dock 
ops every two tanutes or sa Exaraples of euch sbythae 
cor time reflexes 1a everyday life wall ax once come ro mind, 
Some people awaken at the same tine every rooming, often 
times jurt before the slarm-clock sings, while many, through 
‘vague bot uanustaiable inner cues, know when the regular 
Inoch-time hae arcwed withoot conuiting their watches. 
Penedenty 1 etency donng the day—phyuclogeal CR's 
[postibly-—seeas to be well exablahed. 
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wo 
lordly bound up mith the guetion of the time celations 
beeween what and natural someue dat of the degree 
of dicreatiation of selec poaible atzoog vatioss conet= 
tg memul. ‘This w clearly a> important problem, for ob- 
‘mounly thee must be a high dagioe of elon and choice 
oul, Oder, the dog’ ealvary serevon would 
fe gener and uoconeraled, ance doge ate contouously 
being bombarded by » muluplicny of conde, eels, mbit, 
aad touches when exting How vt tht election sade, aad 
how fine wa doy’ difereatieg. absity” Pavlov and 
workers have attacked the problem io many experiments, 
‘one of which w here dercnbed Fir, two spot 4 and B 
fn the dow's Gack were arlecied Tee 4 pot was Debt 
‘cratched, atd at Ge same time food wae given. 1a 
‘araner B was touched, bot no food was gwen. After many 
repetitions and many weeks of work, with fod, B with 
‘xt food, the pout was Snliy reached whereupon touching 
A always gave the elvary cefes, and touching B never 
fave it The negacve apex B won then moved clover and 
loner to 4, ws order to study the Sneceas of differentiation, 
rl the two apo were separated by oaly a few milbmeter, 
Sull 4 gave the redea, while B invariably faled wo give 
Tneveably, however, thi very fine diferentinvon broke 
down whee 4 certsio pout mas reacked If the rgative 
stimula, for metacee, » almogt identical with, or very 
timer tothe ponte stimulcs, both will produce the CR, 
the degice of repose, Le, amount of tava, ia the cate 
af the negative suiales depeadiog open is acermess of 
sumilarey to the coedivoced sumulce, Taw pheoowenoe of 
spread of timation bas been called by Paviow Cura 
oa.” The degree of wradstion cam be sonew 
by frequently remfocang the caodiicond smal 
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appving the condinoned ties togehet withthe con 
‘tooed wimater (ot). 

(Gene-curdifereetaticn of womul to 4 quit high degree 
tat been tuted by Pavew’s worker with coher than 
facta! sums Bilatcl teamed bo doe to dierent Be- 
trees romero oa, and of rz and 635 bron pr vecand 
“Ths Iovetigrorfowed th he mom begin with the least 
simlae (6x5 vs) aod proceed to the more ear (Bia 
‘ina tones over to wrure dileremtaton, an the vevree 
procedre ied 10 give ponuve rend lo other expere 
nocts t en fowed tht the dog could dation beware 
tetozare bate at the rate of 9 and 100 er aeond, and 
in the cue of roa sisah between a Sr end wn eles 
seveocigiba a large 

"A ofthe oil on cited weze acer wh altaneous 
timsleton. When there sn Vtvesateral between the 
‘ondtiooed aod the astral seston, the Roeaets of eier= 
tation it cotideraly reduced, bog saverelproper= 
‘onal roogly) wo the length ofthe pane. No gh degree 
of differenvation w posible of the pause between the 
tondcioed and the aearal eimslue i long; apparey, 
itd, of spread of stmmleton, prevents Gent 
Aierecvation fem occutnag im theae delayed respon 


























w 
‘The abiliey of the brasa and nervous eysten of the dog: 
so diferentate between two cotely somlar ther, wounds, 
touches, or cwual objects, u attnbuted by Pavlov to 48 
actively restramag neural mechan called “inhibiuoo.” 
Taki 
smobile which is gatherng oo much speed oo « In 
concept x well lusrated by am experiment in, wh 
selected four epoty, 47, 42, 45, and 44, ca 2 dog’ Sank 
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(Figora 10). When exch of these apou wes touched, food 

given, and this procets wat continved wal all of the 
apou celled out the salvary telex ‘There may be cilled 
positive spots. Another spot, 8, ia the sume region woe nest 
telected and touched over a long period, 20 food being given 
on the eucceaive sumulations At fit, woeches on the 2 
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pot led to 4 salen flow due to iradsavon; but aly, a6 
16 fod wae ever prea, the CR cemed, and the epot bor 
came negative. Now, when the negative B was touched and 
ards any one of the poxtive 4 spat towed 
pie of the face that all of the 4's were penvel Thi 
fuighlyFaceresing result in explained by Pavov a9 dus to 
the spread of the inbibiting, ot restraning acon eet up 
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in that pare of the dog's servoce system controlling the B 
apet to the part controlling the 4 spots. Such “mbsbiton 
of an exotaton” W « geaeral fet encouctered in all CR—~ 
1 occura with avdiory, vinual, and olfactory, an well w 
actual cn 

Ordmanily, as we bave sor, the cegotive B spor dace not 
sive a mabea How. Bot of whee B is touchod, a bell of note 

tounded at the tame tne, the CR will at once appeat— 
tala wil bepea to drop as cheogt B were 2 posuve 4 
‘pot. The “xbubsion of a iebaboa” we Carly commen ik 
CR eaperments, and bas bees mectieed belore wn descr- 
ng the trace reflex {page 86). It wil be remembered that 
the CR does sot appear uncl a given ume after the sub- 
surute sdmaluy the exact ume depending upon the pend 
congally intervening between the eubsotute stimulus and 
the food. Dunng the wasumg period the efx 1s held an chece 
ot hibited hy the dog's neroace eystem unt the proper ume 
fruven for relcaring the brake. Bat, at noted shove, a2y 
trong eraseous sumalue wall hit the brake, caueng the 
talivary refer to appear For example, 19 an expenment 
conducted by Anrep, one of Paviow’s attdents, an ureatng 
cor caused tweny-oght drops of salva to flow ducing. & 
race reflex; while on another occasion the buzang of » fy 
bad the same duorgatineg eect Perhaps the reader mill 
the more realy understasd now the neat for sound-preoh, 
wandowtess roams, and for the other extreme precautions 
talen in CR work 

TE any ave of the posure A spots is toochod and at the 
sume time an interest spot—cne not producing the reller— 
in stumulated, the tefleawe response to 4 will gradually 

imiawh acd finaly drop to © Taw blocking of « poutive 
sumulut by an indiflereat one u called a “conditioned in- 
hibition” Te may be irzadiated to other steal. Thos if 4 

the postive subsieste stimolut, and X the indiflerent 
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Wins, he response may be inhibited not only to ph 
1, bot aia tof ple X ples Y plon 2 The degree of 
‘pncedimiowoan of aliva Sow ~cepead largely pen the 
ttenty of che added wom co che soderect emul 
H.Whee « CR aot oceanoaallyreafored by wa eatral 
vomulus, it soon dies ouc or becomes extinguwhed—tails 
to prodace the wavary tow. Th u kaown atthe “exc 
tuo” of the CR Somctmes s happens thatthe CR wil 
ateia foncvon ater a perod of exivain, due probly 
to the fce that tome btng oF asppreseng soni hat 
radially fost ws fore. Bot Sealy Teforsoment De 
any 

Without dobe, the eustadiog Sanding sa Pantov's ex 
periments on difereatoe ss the tremendooe rue of thn 
inbeory power nth ile of the dog: Witt bu "raking 
over the dog would be eaatle o chon or een He 
‘fou eapond ie or rs to every Stimulaon, emporast 
Er well a6 smporaaty a shore a eotcece would be & 
‘oxaat confuaion of even 

"What happens whce the dog ees hie ablty wo deren 
imate Gently shown maa care of “expenmestal neurone” 
Produced by Bavior a tn group m a dog. Krestoriev, 
{ne of Prvor’s tedents, conionned dag ao thn mlva 
twas scereted whenever #/crde of ght was hiown wpon « 
dark tcrecn Asn previous expermeats the CR war bu 
‘up by giving the dog food whenever the cirete appeared 
and contiowiag this combeaation, food plus circle, uacl ar 

tala fowl to the dics sone. Nox the dog wat 
shown gun and apa + all dips, 20 fod ever boing 
Gren slang wth ic Eveatully, he pot wae reached where 
‘the saliva Bowed ot the sight of the cide, but never at the 
‘sight of the ellipre. To test the dog's differentiating abdity, 
fe wae chown larger and mace Greaar clipe, abeeys wih 
cat foo, eri aly e could Gtnguahew chown bythe 
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sppearance of the rfex—berwees the ace and an elipne 
‘whore axes were ja he eelaten 7:8. Th would eer te 
Have besa # valicert feat ie ead bot the expenmeater 
sees ct yet anid, aad etcapecd to have er dog di 
lungaith erween the ccie aad aa elipee whote azar were 

Riga Sgure warcdy eres fom a perfort cree, 
‘Thu tak proved to be too mach for the deq's thbitory 
ality Salva flowed Sm at gh ofthe lip, then atthe 
carl, ches at ught of ether or bath wethostaxy dnttion 
‘The og Degen to whine, bathe rely w he vere, tore 
a bis tenvoning epparaes wb bu cet, and attempted 
ta jump down fam tbe table. Afer ths eaproment the dog 
tras uiclers aan experteeatal animal. Salva would fw at 
Ciphs of the experonester, or at ayht of the experiment 
room, or at amore any saul Apparendy what bad 
happened was ao almor complete cllate ofthe dog 
fereauaong ably, dv wo oo great eran beng placed pan 
the brake When Sally she brake pace way, response be 
came general and own. 

"Ths toe of ducrawraive aby in humacs, which for 
tunuely v0 rarely a ever 8 compice se that m the dog 
‘whch we hive desenbed, a ften awocated with nervout 
ueases or seuroes. The nevtovs individual canoot duchi 
teata between relly dangerovs and cally baron objec, 
Hence he may be afd of eats, dak rooms, comng bres, 
for nthowtand other Guay strane harelesy Nor ea be 
‘home between really saporast and realy unimportant 
‘asia, and so 1 impelled to perform uses acts euch a6 
vrathing bs hands tex mee 2 dry, tuchog every other 
Iaeppast, gong up the steps two at x tine ofthe Like 
Pouibly large thaze ofthe fatigue characenate of nesraye 
theaia come from the large amcust ef lot eobon vedalged 




































‘Tobe yore, even in nocmal people, confusion often artes 
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‘when endue straw ie placed upoe the ducrimiostory fune- 
ion, Teach a chid ono Soren languages at the seme time, 
for innate of two metho of wang ding, wa 
time at least eSicency will be markedly impaired s 
the re Tagen poke we depo man depend eo 
‘uma degree upon 4 judous chore end selecwon from 
‘among the many compenng tumvh sesingg exzance, 1p 
Pavlew’s method the cootievave strggle betwoen entering 
somali andthe checlang and adecuve acuvaty of the nervous 
sayutem may be wudued and accurately mesuared, 








© 


oe of the mout intereveng of Paviov's Endings in the 
covery that seep ie cosely Inked up wich the salubsory 
Phenomene encountered io the expenments on diferenuar 
tion and the trace reflex Tt wil be remerabered that 10 the 
race reflex the coadstoeed aslivary Sow doe 4 
tsi wore time alter the substaate stil hax been gen. 
‘Thu period depends upce the onginal time iaterva] between 
the submuste sumulvs aad the extural sumulua. Whenever 
th delay wat ocehalf mnste or mote, » pecuhar ding 
‘happened, the dog usualy became drowsy and often went 
sound auleep. Tha even happened in delayed reflexes when 
the cond.soned sumotos was coatoued throupboot the peo. 
steevaning betwee the substitute stimulus and natural 
auanulus; fac example, the dog would fall aueep with che 
bball or burzer goung loud exongh, apparently, to heep a dota 
dogs amake. Acnoyed by ht saforereen happenmg, at 
int Pavlov and hus workers ened to get excepboually Lely 
and active dogs, thitiung that the cieep mich came 20 
readily aught be an wdivdval pecalarty of the dog ured, 
ren the mow active dogs, Mowever, regularly went 10 
sleep, indicaung that wore general, aod not india, con- 
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doa was at work. What is ce estore of the deep mich 
‘cxrars mn theae experiments? It more auld Pavly, be # on 
‘ison of general cortical adnan atalogour to, bt ester 
than, He loca inhibin ar brake fet which we have a= 
rudy met wit ix proves expersmect. Dunng the wait 
penad betmere nbeotstesurlos end cxadtroned reer, the 
bran and nervous syste ae acovely imbibing or hlding 
in check the valivary rex, that te mast be tru shown 
by the wudéen appearace of the relex when any Wrong 
Gru comes m tot the broke In bike manner, when the 
dogs ealvary fom bas exo poutvey condoned tox moe 
af 80 nbratiogs wad nepatvely coadibozed to 4 ote of 
{ra vibra, there mut agin be a delcae balance bee 
tween the exetavoo and inbibiion ofthe plandler (motor) 
reaponte, (We have azeady described in Secuon (5) what 
Iappens whee woo much stra ie placed on the brake) 
‘Ths whibcoe is evideotly at Set x matter of the local 
‘egatve wusulaon of a tml sector in the dog's bes 
Buys oon focus of vague monclation i conte for 8 
{rly long penod of tune, wick happent «the trace rel, 
ppaready the whibion gradualy spreads over the ence 
tors, the dog tara becomung more und sore deomy 
‘uml faally be goes to sleep Nowa sleep in man ie rex 
the tame faahoe as thie expeinenaly sa 














iri ey tent Iw lay # rexpoote ie 





stmmus, faigue, with which in asociated (usually) « com 
forable bed, darknew, 2 certais hour, and quiet These 
Tver elemests ix the total situation often Become wick 
cdectve subwotate scimoli for sleep that maay indmduals 
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will (al asleep whea ia ther customary stuauos, even 
though noc expecally faugecd. Agao, for any people these 
‘awoouted stinuls become 40 woportant that they cannot 
sleep wahoue them, no matter how ured they may be 
Tosormnva, according to ths virw, might be thought of 








fear, and other ewotional condivons may readily acc a8 nage 
ve tumult sleep 


@ 

Pavlow’s sucess im conditonng the suvary reflex of the 
dog bas sumulated many invewgators, perncualy a 
‘Amencs, to undertake expenmente wth the CR Mach work 
Ines heen dove woth amenls other than the dog, and with 
‘varus reflsxes; mn fat, condoning experiments have beet 
antempted all the way from protozoa t0 mzz Some of ths 
‘work = extremely intereting at showicg the pomblines 
of meaminng and companog the Searoung procewes 2 the 
lower animale. Although meny of these lower orders are 
hought of a8 poseeanng few acties which can be called 
meatal, we find, nevertheless, thet they can often form 
eforce awoceucna To Hscrate, studying the behavior 
cof the waa, EL Thompaoe (1516) found that the prewnre 
of a prece of lettuce ox the mouth of the saul provoked a 
chewing movement winch did not sppear wheo the presrre 
‘un applied to the foot. Here, he thought, ie the oppor 
tunity of discovenng whether the anuil» expable of making 
‘a consection between presnure an the foot acd chewing. Te 
‘ett out thu hypothens, the mouth was repeatedly stimulated 
with leruce, cxonag 4 chewnag movement, and meulane- 
‘uly with th, presuere was applied to the foot. Continued 
‘nol led to the formaven of an asto- 

fc wheever the foot war preaed, the anell 
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began to chew. Thi learoed reponse wan ecomliy rexined 
for four daysaot » bad memory feat far'a anal! An er 
tunmely settresung 22d carefully deve sexi of expen 
meat on the formation of C Re in fish have boca reported 
by H. O. Ball (1938) im England. Using fod sche aatora! 
‘ot uscnaditicoed stimulus to approach, this investigator 
‘ondiioaed Suh 20 a number of eubverute wtinalt auth as 
2 aphe rae fn temnporaere ofthe water, a8 wall a8 4° Cs 
‘chaags in the saluity of tke surroundiag water; an to 
audnory (probably vibratory) and vive! ftennibe Even 
‘dicrmeation between cee and two source of light 
hese ahar deed ermag, the Cs bey tty 
aa 

TE dogs fot is priced with » pin or given an dette 
sliock, 1 wil be pulled may quickly and iavoluctaly, ia 
the vane way that a maa't haed w wuédenly withdrawn 
‘hea it accidentally touches 4 bot rove, Thun avaiing 1e- 

pense 1 called « wthdrawal res. J. B, Watson (1926) 
Dy appiyig an decir shock to « dos fooe aod atthe tae 
tune rounding « sate, 40 condoned the dog's mthdcawal 
reflex that the animal’ foot jumped back wt the sound alone 
‘Watvon also reports bameg secured « éifereatal retpoute 
by aprtying the thock wich one ef ewe tones. After trasaing, 
the dog's fot was pulled back at the pastive sound only, 
remeinng quet at the agatve one. Thee CR's wae, 

appateaiy, 20 lotg retained. 

‘There are numerour isctances of amas) Jeraing, apart 
from thane more exact staes, winch are more or let ex 
plicable im terme of the CR mrckamea. Perforaing ani 
raaly, dogs, bores, elephants and othere, ate ually re- 
sponding to roany sobrtcace wimul, sock an the trainer's 
ace, « movement of ht head, or « moremest of kis hand, 
All of which bave beea prenaualy sesociated orer end over 
‘gt with the dented reapoese. Several llustrations show= 
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jing bow the CR is employed mm the traiging of animale are 
sven in Chapter § pee 15715 

"Ar chdven are abe to crnpet oda fa all tar 
{han anmala, tbe CR method would seem w be erpecaly 
‘wll adaptad ee th ety of the behamoe® Kracogors 
(1909), ous of Pavlov’s students, seems to have bera the 
fiat ravemngnor to wdy Teaming te young chides by 
the CR reehoa, He conccned the every teen m ve: 
tral young ckcen wid afar degre of wrest # vanety 
etal the sight of food, Ue, soond fared pe, 
fslghe serch onthe won. Ar an miauon ofthe empurt 
of alive seretad Kratoogonks ected the aweber of owt 
‘pening: and wlowng movereata wade bythe chi He 
fater that CRs can be bole up at ealy a0 the Be yeae 
of fe and tha sor anystreles can serve a «suit 
fuer inv for a rebertotor or wecrerry activity. AN 
Imporant ducovery was that CRs break downs more 
Teathiy 19 orga) thar we. sboormet 20d. febleonded 
hideeaApparetly the feebleonded chid a leh tbe 
ted more ect) ha amseaet tae he 
a 1918 Floreace Natarr in Arena extcod and sah- 
stamuily vented. Krascoporh's work TW inverngetor 
worked ‘th more ts fey sormal chdren from tet 
twelve co cighty-nime month of ae, and wth x half dove 
10 feeblominded children. Sbe sada be formsten 
ol the CR, me rammce over a pennd, i droge 
‘exunction (ualearning), and the case with which conditioved 
ml cold be raced. Mate worked wh these 
fry refer, nonag the monber of rmabowonge a0 Gd Kraz 
fogordy but het expenses were uch beer cooled 
than he, CRs in normal chldren were feaved and ane 
"in Chap 7 wil be fn trem ot che CB. thd ed 
ty Wate a Tey oot ones df yone de 
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learned sm about coehall the number of crale necessary 
(oo the average) forthe feeblemunded Mater alvo eeab- 
liehed a tubsanos! relavonship Geewera the exte of CR- 
formavon asd meatal ablcy a1 measured by meutal tea 
‘The author teqards the CR method ax expecially valuable 
in work with young chuidren, as giver a direct mesture 
‘of ative leneog absley, and ma any case abe conedars 
‘w be a valuable supplemcat to other claval aethods 


o) 


‘The probles of june how fundaneatal tbe CR is 1a 
human Fearing, thet, 1m the acquurton of new behavior 
pavtern, hat been approaced experimentally by payshalo- 
gins, Some of the mow terevng and valuable work in 
th Sed has bees done by iavesngators who worked wich 

lancarysaosce reece, which are not ocdmany wader 
con control The poaubliy of the xequetie, of 
thavior pacteras even below the level “of cousin 

renews bus bees cealy decaatated 13 there sper 
renis A few of the more snkng revuls emy be cued 
RL Dedge (1924) rucceeaded m obtamiog « condssoned hd 
rellet (inch) to 4 kneejerk somalus afer many nical 

cous rumulations. The normal stalin ro the Kaeejeck 
{a gourt tap on the putea teadon jut below the baet- 
ap. Tha stimulus wan aubuttated for the sormal romul, 
which lead 0 the eauely diferect prazcive wok rex. 
HL Caica (1922) eonduicoed the pupillary rerpoms, jes 
the change in the aise ofthe puplany aperare, by singing 
1 bell each time a beam of light was chown tn the subject's 
tye Alter gooedé joe ximulaione of bef pun light oe 
Popil diated to the sound ofthe bel lon. To ane wbjer, 
aS SS ee See 
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alto, the popat was condinoned to contract to the bell There 
CRs pernated for only a short came. J. B. Waraoe (1926), 
who has worked wich the CR both (a adulte and on chldeene 
das conditioned the withdrawal taoverent of the foot as well 
the withdrawal of the finger In thos experiments a0 
octrie abock war the uncandisaned oe natural etiarules, 
whvle a bell, a buaxer, and a brat byt were among the 
subwtitte stimu The ast expenoent abd oct, of course, 
deal with smooth muscle rebexes 








) 


Tn the lst cwo secoons we bare prem a bne! abetch of 
tone ofthe ater deelopmente a CR experentaton ante 
Pavlov’ pioneer work. Juxe what the faa) jodgmest of 
poychologisa as tothe value of the Can Loman prychology 
fel be ae at present hard ta esumate To the behenoret 
the CR seem to be welhogh an allandenwe explanioey 
concept for human ar well as for ammal lemming, while 
many other peychologats have wed the concept del 
Smith and Gurhrie (1922), for example, regard pereepucn, 
43 wal a learning and abe-formavon, ay CR apie 
sradually builtin dunng the coure of the tadvndet' 
time; while apparently Wataa (2985) woold now explain 
st behaer ya teem of CR’ Burcham (ag3q) make wide 
ut extend ve of the concept ax a bavie phenomenon 1a 
‘aphng hom we aeque bu Sala, pene defo 
ke Allport (1554) reyands socal renponten, tear 
Fusk perm stdcomtndl est ponealy mires 
onuructs which have growa wp at # res of the condl- 
Unig of Feleren Ores prychuogsts, move contervauve 
Dethape, coer the CR to be dasceptive waisly of asi- 
fl aod the simpler forms of hers lentes hat it 10 
eae method af learng, but ec by eane the onl sacthod. 




















too Great Experiments in Paychology 
‘Amoug writers who bave given recat eysteaauc secounts 
from thi sundpomt are Woodworth, Duahel, Duslap, 
Gater, Hater, and McDougall, 

‘Lawviog out the quensan of ultmace value, let un at 
tempt to tuemarize bey the fac at band im tying to 
ict an idea of the pracat worth of the CR. First of al, she 
ER teckruque 1 dearly an important innrement for 7 
Aexrch ia atmal paycbelogy. Animale give eckber verbal 
reports nor trosperoara. But by meats of careful cote 
can, neverthelens, obiao exact and quan” 
‘utatve dat vo Jearg, frgeting, and Snenean of dcin- 
‘nauen to tones, lights, tactcal ssculs, aod v0 oa. There is 
Aappaceuly, 20 way whereby we cam val whether 4 dog. dite 

ote of Boo vibrations from ane of 810 vibra- 
‘aon, except by the genera! method of the CR 
in expenments winch huraans as we) as in expenmense 
with avimals, the CR method scbvurvtes objecuve records 
{for verbal reports Thu has cbviow sévatiages. I ib pounble, 
for tenance, 19 determvee whether 9 individual venser 
stimal below hu dhrevhold by coodsoning bn to «ublininal 
souzde oF kata No report w atked for, aor could one be 
‘even if required. Azaia we bave already see vo Maer’ 
reaulte het socal chiles difer from absormal in the 
cave with whick CRs are formed and Jost Here would 
feem to be, then, 1 wethod of messriog native endow: 
ment unconphiented by difereaces in training or nurcere 

‘The CR as 4 method appesis to abjecuviee becaute 
it coucsives complex behawor a8 compored of ixpler ks 
forged imo 2 behaver snes. Furthermore i subrtitutes 
for explananens on tere of eFaband~rror, 
sud the lke x more exace couse fect relainsbsp. Th 
ail wood as far as goes. Ie unt always be remembered, 
however, that the explanguon of aif Babu a3 group of 
CR bas noe yer been demoeszated, aed chet formuls- 
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iene 10 thie foc go eyood she expermentsl evidence, 
‘To ial: wome of the GEculves war tt be 
owe ecined to explain all learned beh 
CR, we noed only pore 10 the excreaeuenwaavenen of mont 
luborstory-determined CR, to the diicuy of wxcating 
smany of them; tothe esse with whe> enreneou si 
say iohibr thes, and to thee exiacun wthost fequeat 
reolorcemest wah the eatral avalon When we eo 
(ent some of cheve fragile contreets with our highly inte 

ted and deeply ngrnaed babe, cot atade nay well 
fe akepucal. We are in no sense detracting from the mae 
ehoetike accuracy of Pevioy's techeiqut, sor eling 
festa wich animale ix oncasheg char fe sot yee por 
ible 1 explain adequately al bursa scquuicomn at coed 
‘toned reaponsen 

Suggested Resdings 
1. Baviw’s mm account of oe ware wil be fgund oa his 


anu ou Connned egy Cu ee 
oe Ape io moe 
Fak aie on 


2, Mamplar sod more readable account of condivonsd 
oan ees cite capt of Wo 




















Butsaats Nore! Mind ¢ 
3. For s comprehsive ond esaejimenal mae 
fp condroaoed sesponuen, tee Hy Canon arte The 


Genito Redtsor Condsiurd Resp 8 Com 
fen dot ef rong Cress, Fcc Bo- 
4: For llvartions of the see made of the condivened 
‘cucept by the exeme bensionan see B- 
Behamoroe (sas) 





Chapter 5 


FHORNDIKE’S ANIMAL EXPERIMENTS AND 
LAWS OF LEARNING. 


o 


JJEDWARD 1. THORNDIKE’ sashes fn ena peychol- 
‘ORY (1858) rare the real bepraniog of he modern 
laboratory approack to problems of leaming ard habrt for 
‘mation isthe comparatuve field. Thoredike began hut expen- 
mental work at Harvard (1097), where as an undergraduate 
ihe eh several experiments wth chicks an the cellat of Wik 
fam Jase’ houre Later, be care vo Columbia to work i 
Carts laboratory; and from Columbia in r8gh he cecerved 
the doctors degeee in peychalogy, bs duseration embodying 
1 serion of studies under the tle Ammat Incligence: dn 
Expenmental Soudy of the Asrocstee Processes Anemals, 
While he has rerained toe wterast ia animal paycbology, 
‘Thorndike’s work for the part tweaty-five years bas been 
largely un the fla of edveationat prychology, here he ban 
conducted 4 large sumber of emporeane studies 

Te must be admitted at once chat much of the work with 
amunals of savestgotore before Thoradike, of Lieyd Morg 
Lubbock, ead Romane, for sattance, can be called experi 
emul although performed mchour sdaguate laboratory oon- 
‘el of speci] apparatos. For the most part, however, writers 
‘on animal peychology were conteat to occupy themadlves 
swith anecdotes and witb excontrclled though highly saterest- 
ing cbuervauons of the domgs of some pet dog or hore. 
Many of ther wxounts are mprewicnese and hgh coe 
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ed, with Unde or so emphans upon the rel sopdity 
‘howe by most stilt. To be sure emesis wee saree 
Credited wn the aby te “reaten” or “think”~-thete be 
fonaideed. ae sncty human ancomplutmente—bu ey 
tree rgurded an the inl of many then, and the mperior 
Frome ict aby to frm snecietonn and bul wp 
tite That they lereed many thon Oreugh ination 
ted the tne of ea" sem et vo bave been qoemouel, 
‘At we aba te later, Thorne’ ates fred exper 
Sul erdece ch moe Bey contd 1 te 

Although they were performed epon animals, Thoradske's 
cxperments bv broad ad imporanr mphoroone fr bys 
san as well a for eval lcaring. Cera dele pi 
ciples, for instance, have emerged from thete studies which 
Slaracanae-quee accurily a way in which, cdr 
tad adults form new aveocisbons ed 
Tooredke’s wo fundamen lw of en 
exereue ava the lew of efect, are wll today, in apite of 
coritieleen, ter work, the basis of modern pedagogical 
‘theory. And it in bigbly probable that they wall long be re- 
{rtded ar enceg ibe sow valle enperealgeoerlation 
th which elucroel prcbaony mutt deal 

ry 

‘Thora experiments ware cari oot wpon fab, 
chicken, catty dogy, and monkey The fk, a comsice 
aiety teeming the muonom, were Kept ra £2 agua 

roar let by two foe wh a weer doph of aboat 

‘These fab abun sonia, and one end of the 
“quaniam ws covered certo protect them from it Bere 
AT food wan gives aod hee the Seb remade of che 
time Au experi: comated in geotlyforang + Sak fom 
the shady to the suaey end of the cack By gradually 
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moving devote the tank 2 glaus slide placed lncbred the fk 
to cue offs retrat. A second glass lide comtarmung » small 
opening was then placed between the fich and the sbady ead 
pf the tank. The object was to see whether the fich could 
fied the opening and escape, At the beguaning, the fab's 
‘behavior, mouvated by su dasire to escape from the sua 
ight, consated ix wmmaneg ep aed dowa the length of the 
ide, bumping agaiaat u here and these and looking for « 
place to get through Eventually would stake the opeting 
snd wiz through to the bady section, Upon being replaced 
the aime wtiabon agwe and again, the Ssh soon indi 
cated clearly that it had profited by previous experiencet, 
‘hat 6 to aay, vt pwame with lee acd lees Jor of ume and 
ewer and fewer random movements drcetly to the opening. 




















‘Tum expenment was repeated with  mumber of Baby and 
ch sides containing opewage at dierent posers. Always 
the reoult was the tame, viz, io every ravtance the fh 





vltmaedy learaed the tock of nding and gevtag through 
the opening so the alae. It clear from thus experment chat 
tearmng, in the seate of tiople connectionforting, ean be 
demonuttaved 12 vertebrates rauber low in dhe evolutionary 
aaale 

To bu experisnente with chicks, Thorndike uted a number 
of pene or mazes, one of sebich ia iuutated ia Figure 1, 
‘When a chick w placad 1a sectoe of the maze, there are 
four possible exo as chown ia the drawing. If the opening 
on the extreme sight ia fllowed by the chick to the recon 
tem, ie mil lead out of the maze and into an encoeure 
im which are wo be found ocher chicks and food The ether 
three exka ace blad alleys. The pecblem u C0 eee how foog 
ie will take « duck to select che pathway which wil carry 
him out of the mazz. The behavior of a chick when fit 
placed ia the pen resembles closely that of a Seb which 
trying to avoid the sualght. Taber avay from the other 
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Por Uno nt Tames x Spermns vas Pca or Lesurme 
ny 


tee 


Jaume Cram oo + Coen 


"The ev sheng he te sera ce lets eae fam, 
api ans Powe 1 Pas Teorey 
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hicks and from food, for example, aod dropped ito the pea 
st 4, the chick rans back and forth ix and out of the bind 
Alleys, peeps loudly, aod «res to jump out of the pen and vo 
squeeze Uivough any avniable openicg. At leo ie will 
pick the rght ent “by accuest™ and get out. Pot buck 
‘again and age, for the Sas few trae the chek’ behavior 

much as before, 10m, however, begins to clminate 
inlers movements, soch an repeatedly entering the blind 
Alleys, yout finaly ean run directly (0 the ght ext, 
‘A good picture of ow a chick learn the trick of ercapmag 
‘from ruch a pen as the one described u shown 10 Figure 12 

Te hie figure the separate trials are laid off slong the 
Dbortontal or Xeon, and the ome se tecands required 10 
facape on the verueal or Frame Note that alter « faitly 
foag peacuce penod the chuck wall run dorexly to the penper 











oO 


“Te tah at by Thorne for ata wa 9 cep from 
various “pumle bates” the general ennirucuon of which 
inay beaten from Figure 4). These bores were 10 denned 
that cxcape Kom thea could be cfccied wn n varicty of 
‘rape: egy by tormag « button pling « tina, depraiog 
ever, or pulling a wre lop. Bach of these eacape echaae 
ine, when operated by the anna, released a door witch 
sean at once peli open astomntxally by « wesghtatached 
{0 & Only ove sveaze devee wus ecployed wit the simpler 
borsy; but with the harder ones, two OF mone ueparate At, 
such aa polling a einng and depresneg a ba, were equired 
toopen the door. An experment cont 19 pacig a RUBERY 
cat in the bow with «ama piece of Gab oF seat iying feet 
sutade, Thin sinaton ecclly revulein immediate acovity 
fn the part of the cat IC tren oo creep though the sins of 
the box; las a the bas of wie, ehracs pas through 
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say opening large enough; works vigorandy at sorting 
leove or movable: and un geseral gives a periest pictare of 
impulsive bicor-ma efort to escape In ue the ental 
ready always succeeds ux operating the eacape device Chit: 
‘ong the wire voowe oF turmag dhe button) by wendent, and 
_etiog ovt. It then alowed to eat « bit ofthe sb or meat, 











and vamediately returned to the bos for 
Dang thi next tral, and Sor eevecal toale hereafter, the 
‘ead plan of attack rememe such the same af before; but 
5a suoceeding trae 2 acuvity becomes more and more re 
iicted to the button or otker evcape device, an unless 
‘awings and acratchmge sce greloaly diminated. Filly 
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the animal, on being placed io the box, goes slat at once 
10 the door, wake the mechani, and eecapen, 

‘A eat may take tweary or more tale aed an our or #0 
tw euch che pom where i excape-respontes are prompt, 
tre, and acconite. During ths proven, improvement it 
fenrly always quite seregalas, the expe tie teemamg op 
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aad the ime in twenty-second unit is lid off on the vervical 
Note egg ppm of the lenge in he 
‘ather tile ax the tee e Src longer and thes shorter 
the amoodestppearace of the primacy ie a ie at 
lear the criek. Th graph w fuirty typical of animal per 
formance ie ntzatiane hike the one decrived, nnd is good. 
Instance of whats geacraly called “ina-aod-errar” leartag. 
Such learning began asa vared bitor-iue proceas and com. 
runues 0 auch uti the seceetl reypoate wit pon, a8 we 
(ay, "by acadeat™ Alter th eliisation ofthe woraceatal 
respoones beeing, togetier wath + gradual buidingin of the 
sncczasul reacvoas. The ext whowe performance 1 shows 
in Figure 14, for example, vas endeaty leasing in a ow 
ctivtie; and at 

















Becoming more and more Sealy exablnhed, 
Tos cxpersoents wth dogs Thorndike weed puis boxe 
of the came tort a8 hoe uted wth cat. However, be wned 
‘only theee dog, whote sete of hanger was aot ao g7eat st 
{hat ofthe cata, aad ence the reula af these sxpeimeats 
tre not directly compernble with those jumt desonbod. De- 
five ths fay, the ead of renuis w much the tame wo the 
to expenmencs. The dogs lik te eats, ed the metho of 
{al and err fo acclang to ecape, bat oo the whole ther 
learaag curves tended co be smother, indicauag beter ob- 
seevavoe, 2 more paniul atte, perhops, and 4 somewbat 
Iagher lev of icaligence That dag eare mote qeckly 
hte as, and womembet las guiely the wonky OF rae 

‘cnvensus of favetgaton who bave 















‘he inferionty of the dog to the r4ez000 
‘or evea the mney ix not eertre, since m many of the trte 


area, © J, ard Ware, LM. Sraary Caper a Feige 
of Dogs wah «Repo ow the Lhksy af she Noted Dog Felow Yo 
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the dog it at « dened daadvantage because his paw can 
ot to easly mazpoiate mechanical dences as can the digits 
of the rscooe or monkey. 





w 


Experiments mach tke chose described on dogs and cau 
‘ware also carned cut by TRomméske vpan shree small South 
Amencan mookeys. These mookeys were texted to set bow 
Teacly they could learn ve operate neple mechanscal de- 
‘ices to a8 to get ito or ext of boxe. In aditition, chey were 
Langht to manipulate w sumple reechanum by means of 
‘which food could be thrown sate the cage, The resula of 
theve certs are narerating acd quite defrute In almoat every 

ce the monkey» quickly learned the tnck—olten at 
sn ariouthing rat, far vurpesting uid and speed of 
quisivon both the dog aad the ext The supenoray of the 
smonieey io cate of this sort is probably wo be expected, how- 
rer, nace, a1 Thorndike pow cut, they have better vitioa 
haa dogr or cats and thet, plus che fact that they have 
Sagect, would enable chem vo manipulate ample contrivances 
more tanly thao other ansmale. Benda these natural advan- 
‘ager, moakeys are more actwve aed more curicus than othet 
animals, and ate quicker to play with and manipulate mor 
able abject. 














other animals, fa far, in none of his experiments ded Thora 
ike find any clear evidesce thacthe anomal ever “thinka 1a 


Raptr Fd Some eats Rar Bae (8.5. 5 
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ay ut" uty cbterves relaucat ceady, weer “idea 
smkes inferences and comparaces, Perkape dhe cenule carve 








‘meat oo the past of the smal. The 
‘monkeys had formed the bab. of coming down vo the bottom, 
of the cage from their accustomed place neat the top when- 
fever the experinecter approached wath food. Thorndike 
decoded to use this habeas s basuz ape which co busld up. 
habeus of dueraettion we the loloweg way. Whenever the 
cexpenmence: picked up food wich bit left head, the mowkey 
vas fed, but when he picked up with hie nghe hand, the 
oakey was sever fod At ancther ue food wes given whee, 
‘certain sentence was repeated, und withheld when another 
war suid, or food was goves at one vaual mgndl (4 large 
etter oF geometrical figure), and withbeld at another. The 
reblem et the anicul was to see whether, ater having 
earned to thucrimunate berween tbe food and the non-food 
iuguals, he would get the general idea one strmalas mens 
ood, the other does not. Evsdeace of woch rwght or wader 
‘sanding into the meuation ought be expected fo show wae! 
if, aher teveral ducneusations of the land desenbed, the 
monkey pereered & new relatoe almost catently On the 
other hand, ftheve were to clear abutcacvion of the principle 
‘of choice required, the monkey might be expected to take 
cach dhictimination ax x new tank to be solved by trial and 
tror. Thu would of course, show up in the large number of 
‘rials needed. The rete of these teats ware not eatirely un 
ambiguous, but thar geceral implraboa seems cleat. De- 
pre the fact that the monkeys Jeatoed the separate tsi 
very quickly, appareaty they never Jormed a clear cooctpt 
of what wos easentally involved wm all ofthe tan in cerme 
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case of Kitten texted by Thorndike The aumal had formed 
the hable af elimbag up the wire netting of its cage wheo- 
cover the capenmeste: appecached. At one verbal gral (“1 
tutt feed those eats") the laren war always fed, at ao 
‘char signal ("I wil ot feed them”) 2. was aever fod. The 
object of the teat was 10 4et how long it would cake the cat 
to feara that one signal meast food and the ether did noe— 
that is, to discrimaate oe stimelos fram the other. After 
‘total of 38 tral, the cat nally lesroed chat one weal 

at from the other. Thorndike remarked, apropot 
of the expenment, that wt “chowt beautifully the animal 
method of acquuson. 1 at any stage the anal could have 
Isolated the to ideas of the two reese-eapremion, and 
fete thea together 12 compares, the long ond tedhout 
‘process mould have been unnccosry.” 
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Another line of evidence etd by Thorndike opponed 
to the thes chat aavmals chink of eeason yw the fact that 
there are 00 eadden vera! diope in the Tearing curves 
of bu ets, dag, aed monkeys Sudden drops stualy sade 
ace that the leatoes has gor the enick—eeen the caanseuo4 
or relationr—and henceforth might be expected to dot 
correc wbeaever he aciaton preects suet Instead of 
(his vudden mnghe whac we veal find wa gradual slough 
Faget of exces and wales maowersenta (one Figures tz and 
{aly with no dear endeore thot the asia) abeered jot 
low be got out oc made ws of dis bvervauon tm ture 
ral, 

“Thorudie’s view that eninale ear slmon extrly by 
tal and ezoe and Lave Hale iasigbt ito the problem at 
band has scealy been stacked by the Geren paycholor, 
oka (3504), who belong to the eco of Gestalt 
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tology. Kotler (1925), another menter of che Gertalt 
‘choot is Bis sti of learning io the chumpansee found 
many imances of quick learning which, be tay indicate that 
the ape wuddenly grasped the eelauoon ‘evolved i the probe 
lem. According to Thorndike, vech quck learning (which 
presumably snvolvesinwph) Jv to be eapectd only whes 
the tank is “very simple, very obvious, and very cleanly de- 
fined”, whenever the probiem ie wt ll comple, the animal 
boebavir, be duaks, say be fairly deacibed as “etapd” 
Jn Kaifta’s view, of the contrary, he animal exhibtt 

ight or foteligeace whenever iti posible for xt to graxp 
the problem; stupid errors, be eapy occur when the tank 
seme simple (© ue, but almost sorely aot at all simple to 
the cat of chick Koda axgves further thet Thoméike’s 
pumle bose set before che anitals asbs 20 dificult (for 
the animal) what Wal ander larsiag was the ooly Sand 
pomble. Despite che dufioley iavalvad ip there ‘ates, 
Koka poiaw out instances ia Taoracike’s own data of 

















not be reproduced 2» brie! ypace, and shovld be read entire 
Dy the student tis an exceeduagly Been and vearching et 
cura of the mechamstic view which bolds that animale 
always learn supudly in « bst-oromiee fathion without any 
real comprehestion of the vituaton or of the relations 
invalved, 

“If ic azems probable that Thorndike overempbatised the 

f ania learaug, partly, zo doubt, wo w result 

yt, it ia certainly just an probable chat 
the iatight showe by Koblec’s apes ix alo the reaalt of che 
kkind of problem set. Koble’s chvapeezess were ausigned 

‘ee Chen. 22, 9p aso 

"Fhe Gemeh of the Md in), ro Spang 
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very diferent tasks from chone required af Thorndit's moo- 
eye and cai, and for chin reaton the two ses of rents axe 
not dizecly comparable. For ote thing, the chiespenacet 
were geo much feeder, while Thomndike's animals were 
zewsly always conned. Exacples ofthe land of tasks vt the 
shimpanaces are (1) secorang a banana eurpended from the 
celiag of 3 cage by ping up Sores one an another; (2) 
‘reaching for and pulling ito the cage a banana rlaced cot- 
Aide by ingeniously Bookiag togecber two sucks, Many other 
‘uk involving ropes, eck aad the piog-up of bones were 
set belore the monkeys (eee Chapter 1) 1a tueh astuatons 
sing maght very wel tke place, ofthe annals 






from the 
absoally da. Ax Sandi 
ford (iga8) has pointed oct, toa, all of the faring i aot 
hom fo the flocuxiogs of the leateng cove. A tien 
drop inthe curve may be preceded by » fog trul-and-eztor 
Drocess which ie noc Fepresenced, as when a man eudesly 
“ees the poe,” after » long, teow, and bungling efor xt 
solution, Fhe chimpanase woe suddenly does aurick which 
Ie could not do before haa not necenariy teen through fe 
ia 4 tudden burst of comprebennon, Many tenatve trials 
td eroca tt thown ste leaving curve or za by the 
sapenimenter may precede the tlutes. 





2) 

‘The statement that animals chow litle evidence of learning 
through iastatice usualy provokes astonishment end strong 
protest fram champions of socal intligence, accustomed (0 
Aiscourse at length upon the marvelous performances of their 
peu. Yet Teoradike's resuks point mrongly to this coals 
som, Whea a xt, for intance, winch bad not learned tn pet 
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cnt of puta box was allowed to observe another trtined 
feat t made na diflereace whatever va the fet cat's be 
[Nor dad it make any difereece when a0 untruined cat was 
placed ia the tox with w trained cat and allowed to encape 
‘When the tecond eat opened the door of the cage. The ur 
tained eat etl used the old bit-orsmns mechod a1 bef 
‘there was not the alightete evideoce that learning had 
apeeded up through smeatzon. Th same verlt was ebtained 
in aimlar expermeaca with dogs and chika, Even roakeye 
‘who had faled in their efforts to operate ome simple mech- 
‘anism were voable to do it after having teen 2 mookey of 
the expermenter do the «neck many times, [9 one case # 
monkey was shows fifteen conerutve mer how to open 
a bax vehich onotasned food (be door mat held chat by = 
Aoyple lever). Ac the end of ths urumng perid, the mos 
key aforts de not difer escroually from bs previoas at- 
temper before roses In summing up ine obtervationt on 
extsuce, Thorndike writes, “Throughout all the time that 

my monkeys under obtervatioe T never soured ia 
Fever! behavior any art which seemed due to genuine 
imitation of me or the other persona about” 

‘Que may well inquire these observatioos are accepted 
irk mookeys are so generally beeved to be accompladed 
Smuuatora. Thoradike's azawer w that moskeys, being actve, 
‘cunous, end pouested of a repertove of movementa much 
like outs wil meviably do roany things whch seem almost 
‘human, He writes, “Tf you pat two toothprca ea « duh, take 
‘one and put it in your mouth, 4 monkey will do the tame, 
rot because he profits by your example, but because he ia- 
sonctvely pute nearly all small objects ie hie month. Bo 
caute of these geaccal accmy theie mstincrve impulses to 
arab, drop, bce, rob, carry, move about, cre ve, fe, Ray 
‘ove object wan cher reach, their costtast movement vod 
sarumption of all sons of poxturey, the monkeys perform 
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many acts like our ows cod sicoulate imication toa far greacer 
extent than other mammal.” 

It should be added before leaving this topic that ME 
Haggerty (1920) has made vome observavons on leataing in 
‘anthropod apes winch seer at fire glace oppoved to 
‘Thorndike’ conclusions. Oxe ape having learoed to get food 
tut of 2 Tong pipe by puthiog st out wrth 
c 
imnimal was allowed 10 try alone, be at once took 
and put 210 the pips Dut pulled (estend of pushed) ore 
food in to tumelf. That « hardly wavtenon im the ordinary 
teate of reproduce of another's scion, bur ia rather in- 
telhgent observation Haggecty made only a few teste and 
ace his two anumals were orieg-evtangs (loghly mcetligent 
tuaclike pcr) ine observations are hardly 22 confict with 
Trordikes eanements regarding the lack of wmutevon 1s 
Jower order 
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‘Thorndike bas laid dows five prauples which serve to 
chatactenae arumal lesrming as be cbeerved st, Thess are 25 
follow, 

4. Multiple Response, or varied reaction ta the anne ex- 
ternal suaten, This emply meas tbat the ammal bring to 
‘bear all of the iattzetive and lerrnad rerponies of which 
ita capable when faced by # new problem which it doce 
‘ot fully understand. Ic is the princple of truland-etror 





mg 
2. Set, Attitude, ox Dispocioos. Set or xtatue, the ine 
ternal “dave” of condiuon which prediepones the axsmal 19 
44 particular bad of bebavior rather chan some other lund. 
A bangey cat, for example, wil try to escape from 4 purde 
bot if food u outnde, but 2 wel-fed cat is unsally contant 
1p remain quiet unless much frightened or duturbed. 
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4 Partial or Pieremest Acwiry. A learning proceeds, the 
i ‘casas aod uneeccesful move 
‘w those object or details 
Ibave hitherta proved to be of value. From « random 
leis acovny, the atinal’s efor become wore re- 












‘or Analogy meses chat 20 animal when 
‘pot into a new and strange s:tuaben will draw upon siove- 
ch have been employed is like or vomewhat like 





siuutions 
‘5. Associative Shifting Thx prisciple ie oow generally 
Iknown as that of the “condoned reypoote:” It maaan that, 


fn tue, the animal wil shift bie verponee from the general 
sixuaton, box oF maze, re anime element or deta] of the total 








Iiruth ren of hn peta To et ge feo 
ome when a aaucer of mlk ve eid im the baad will after » 
few antes rerpond to the nghs of che empty Anucer oF to the 
perian who does the fending. To Kke manner a dg or monkey 


‘an be tuaght to at up and beg when» command only 
ven, while ict sud that bears are taut to dunce to music 
by being placed upon hox grils whnle vase t played Sbik- 
ing of rexponse from one stimuli to ancther, ot from the 
total scuation to voxne part of it, ecormovtly expands the 
ale range of rexpocsen Thu increase is range of 2 
spout is of fundamental importance in human ax well 
Abimal learning (see Fertber pages 97-100). 
One of the move weriking instances of seem 



















rman horee, Clever Hans Ye 1901 Hans, 2 Gve- 
‘year-ld horee, was tetinad by Ba owaer Hex voo Oren t0 
aaumer questions aad aaive peoblems. A lecarr eyetem wae 
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conutrected on a numbered char to enable Here to serwer 
Goewtone; ite lter my, fr example eccorred the oor 
‘ere! como wad the recon hormonal row ofthe char 
Toor tape wah the et Bo! aad two web he nght meet me. 
Jn solreg aemence) problems, taps wih dhe nein bool 
came ue and tape withthe ee Mack nean ene Tout 53 
was represented by five taps wih the left hoof and three 
with the ngbt. By means of thete ichemes, Hane war able 
{o nie problenw and anawer quessone ordinary requrieg 
conaiecbleoeigaace. The wide eters rooted a 
‘evformence ed faly to ha beng examen at waco 
times by two commusions. A peychologist an the secoad com- 
‘musion anmed Pfooget apperatiy sired the mystery of 
Hae 
aontary “con” or mua gen by 
slight (approving) movements of the bead, changes in facial 
sxpremom, and eke. Tear the anewer to pred, 
sree 68, las would coust rely wth i lef bof 
wome small (and probably vaimtenuonal) signal from 
Urner wernod nto nop aed bapn wth the ether hoot 
‘The tater, therefore, wat the eubvurateatinive to whch 
the clever bore raponded 

lam wen ter soqued by snctber owner and boceme 
one of the group of fumovs Elberid horet. On of thee 
tore, au Arsbes eared Mukammed, yar reputed be 
thie to tart square aed cbs rot bende peforning the 
‘simpler arithmetic operations of addition, eubtraction, multi 
Pilate, and dinwan. No atoxlctry proof scema to Mave 
bran breaght forward show that thene rue mere fe 
‘pondiog m cu but tuch seems uadoubeely to bare been 
‘the cose. Av Waskbura (1926) pornte ovt, there hones 
learn to qui to pect of any seal udertandiog of 
the problem; they took no Inger to acive bard problem 
than easy ones; often they would begin tapping without even 
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Eancing at che problem setup before thea, Agia, the Riad 
Dt mista rade are act thove ef 8 ineligne calelto 
Sommo errors were revere of Squres euch a1 $6 for 65, 
‘or errors of oat unit such a6 36 for 25. These errors maight 

ily happen if the hore temporal confined the left and 
ght hoo! of fed 2 xtap taping quite soos enongh AIT 
‘of the evideace, then, u decidedly against the opinion that 
‘performances (such a9 these) of clever animals really ind~ 
cate mathematical geniue or intelligence of a hugh order 
Such "suc dosbom, however, chat anceale are eatreatly 
clever in pking wp vexy aight con and gals pot realy 
bea by elt, oy of sae et match ot 

Allo the pisces outhoed inthis secon apply with bat 
Ide mathiewee to Renae lextg When pled it a 
toully new scuncon of fred by a conples and hileandes 
Sond problem, the behanor of «man wily at mt difer very 
fre from that of a dog, xt, or monkey. Hu acuvity 2 
targely of che wal-end-ecvor «ype, a be dcaws spon the 
rusnvcir of he past expeneaca fora post sclonen of 
fis immediate Bfcuty: Afr « te, Rowever, fern 
appear which are usually sufficiendy great to prondr 8 di 
tiact gap beoween the thage which men and apiale 6 
learn and the rates at which they acquie them. Very toc 
‘helt learning, often at the very Beginning, men begin 10 
featoo of hk, Le, to we Meas ued verb formulations 
Alternatives ate accepted or rejected symbolically, rather 
the by eoncite tral, principles are perceived and applied, 
nsighs inco the problem 1 gained 

"A good ilrteation of homes larrig ia siuatons whi 
are roughly sologous to Thornes parte bors isto be 
found in the expertuens of FA. Reger (910). Ruger att 
‘cut to discover how quickly and by what method men aod 
‘rome lear to solve difcakt Ciinose cng pores, His 
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learning curves at the bepinsing look very muck like those 
cof Tuorndike's eats, dogs, and cocks; but instead of the 
invepolae rine and fill observed im asutal learning curves, 
tudden drops often appear Inter on which, according to the 
tubjecu’ repos, ocrareed when insight was had iato the 
tmechamseal feateres or prinoplea of the puzale. Such wod- 
den drope were rare im the learning carves of Thorndike's 
auimab. Siace aninals have no langage, presumably they 
do not ressan or think things ove symbolically a8 man dose, 
‘The abiity ta formulate general priacples, evelre concepts, 
and edvce relations of a symbole Kind would chun seem to 
be eenctly a human accomplabesent. 








® 

One of ine expeomeats wk ancaae grow Thome’. 
‘two fundamental laws of learmng, the dar exerowe and 
te la of fect. Th lee of exer, whic men called 
{he lew of babiformation bat two pat one of wich the 
complement ofthe the. The ne path wom, my 
ie ainply atte as flows: When's give aatn me fe- 
aqealy followed by «catia rexpoeac or proep of teiponi, 
the bond ot lakage butwees the two bectmet roaget 
‘Brough the exexie 20 owned. Toe egpente of the law 
Daf une the law of rare When » gree nturion rarely 
folowed by «cerns repoats, he wrcntion in weskeaed, 
its degiee of weaknea depend upon the oust of Seg” 
lect The law of use deaty shows in he lamin curves of 
Figures 9 and rx. When it hat cace learaed the Brack of 
cacaping frm the bx or pe, the wovereema ofthe hick oF 
vt bose fntar and cher the mena cftcn they art 
fepeaed. 

Numerous applications of the law of exereite to humao 
leary will at nce come to mind. Learong w sae, wo 








‘Thomdite's Animal Experiment 1a: 
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thes ebay them sel hay rn of apy, noc, 
tnd ucuatdy ‘Th i trea othe move taal p= 
{rmazon. Thaw i ender wo Inara wal « Preck voc 
{ary 4 poo, 2 oct of mateo formant ecw 
‘ny to tpane (ear) he denen in tha ht onder 
equay ad oes. 

“Wade he law of ere along ser ab ent exe 
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functory sepetmon. Ié the learner neu ont viguroutly and 
‘with determisabon 10 leaca a gwen etl, fhe bas, ab Wie 
[Hama Jamis pou i, “the wll to lear,” he wll progress more 
upidly chan af he smply sits pastrvely, hopuag that some- 
Ihow the dened veformaton wil sak is. The law of wid 
‘net will explime why & boy leares hua Scout Manual and 
the fine polars of baecball more quickly than he learas to 
play the pano or reate bis Sundayachoet Jeon, 

‘AI of these pracples of learong ze wel) ustrned 
rmorlera advertsing Over and over agus ((requency a 
recency) by newapaper, mageune, and ashing electric aie 
(viva), we are ld sboct te meri of aoe perical 











fof many arncles and “brands” and cha very familiarity pro- 
dinpoves us 10 the purchase of chee producte In the ashool= 
1000, (09, the operation of these laws may be readily ob- 
werved. For example, there cunt be drill asd repettvon 
(frequency); constant review and recitation (recency); and 
finally, the attempt made wo relate che vbjece-maucer of 
mathematic of bteratuce ix at many ways a8 posable to the 
crveryday aoede aad incerents of the weudent (ysndnen). 





() 


‘The lw of eet may be sated most simply, perhaps a8 
follows. When » esponse ot eres of espns leads (6 ae 
tn of  & ettfyng sate of afar, he coneecoon between 
the atvavon and this rexpoave 4 wreegchened, while other 
espootcr act 10 atalying (uc, annoying) are weahened 
fad bence rendered let probable of recuceac. Te lw of 
(fie realy prc to the law of exercee, ence it explana 
dow the torcafl apace came to be clad i the Set 
place, Thu is deaiy erect sa thee itunes of axsmal 
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lencning which we have cited. When a ext, for example, in 
feamueg wo excape fiom 2 parle bor, makes a vansy of 
reapomica most of whch ace atclets, Ose might ctpet fom 
the law of exotone alone that all of these responses wld 
be equally toued up wich te arsason “uying 1 cape 
from the pule box” Hence, al woulé tend tobe fepeated, 
Instead of Uva, however, the eysceufsl reapoous, same, 
pullog the lop or turning the baton of the eye, tom gett 
the upper hang, while the weclesrespomtes ate dropped oxt. 
Relerene shold be sade egw to Figures 13 and'24. Noe 
how the cape of the at or chek bewomer ener xn 
soother at the aical goes hoe asd more promptly tothe 
rope ex. The suzcutalrespacne—thac isto ay, the one 
‘which leads to food of comrades once having bets made, 
cxerate woon enables 1 (0 rupplest the nom-entinfying rea 
Boas. Gater Cigar) has goven a arking Snratin of the 

nw of eect mhck 1» quoted bere wih some adaptason. 
Seppote he wa, that fe eats have been taught to come to 
tbe ell ey, key.” New, voppve later on tha, co beg 
called, cat 0. 1 ie given food aed ie pete ext 0. 8 at 
peted ooly; ext new 3 i toy Guceparded; et uo. 4 ie 
Spnakied with water, and cae. 5 i doached heavily with 
seater, What wil beppea the net Sime these oats are called? 
‘The answer sary. Cat 0.1 wl come quickly and promptly 
vvhen called; eat pa. ell probably come, But not 10 
promptly, cat no. 3 may come, aso, but wil lea promptly 
at 0. ‘a7 ty He cove mote, bot if vprialded span wll 
tly gee te up, ea 2a. § wil oot only fa (0 come, but 
(Gt bein am intent ext) wil ros i the opposite direaton. 
Here the end-efecr—ohar happens to the eat—ie the pr- 
sary factor in ponding bebamor. 

"Tooradia’ Iw of eet hen not excaped cram at the 
hands of other epenneaten. Tae mow Ecquest objection 
scent 10 hinge on whe dicey in ueing jut bow he 
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factian which comes efter the suocesth) reponse could pom 

iy mock backward 203s to “warp we” thi one reaponse oF 
amuke ie more probable than some other. This problem 1 
really the fundarcestal problem of Jearmig, since it deals 
‘with the banc quesnon of why we retain some repontes xa 
drop out other. It has exoted mesogatore for they yeare 
for mots, and bas beea aubjeced wo analyst (roma many 
poince of ew.* A ciple practca) expansion of much 
Jearaing it that the successful respecte. (Ube one which 06 
reuined) and the revsiung aatulacion oftes occur wget, 
for 40 nearly together as to be eseatally part of the same 
proces. The aueresfal movemente and the eatwfaction 
‘which they bing ace no Coney smsocated—du time ox wpace 
fr through thesr relatively renter stexaty—that the auc- 
‘xisfal movement comes to “meas” or “tad for” the a 
{atyig eflect. The rabsoxcuon of one respoate for another 
and che lskieg-p ofthe veond or subwutte responte with 
the oral etuaton through repecton is rly the pte 
ciple of the conduioned response over agais In many cate, 
therelore, the condoned respoose and the lawn of exer- 
ese and elect are really ro ways of desenbiog the same 
Phenomena. Of the slernate descriptions, that of the condi 
Toned respouse 5 perhaps the tore comprehensive and 
general 


























pounve 
ing sare are those which 
‘ent, the law of eect would sccm ta be adequate to cover 
early afl Jearoung a6 we fod 1 18 « practical and under 
sandable way, iz, © explain by wome respoates ate re 
Rar» ion cf were tops ot si me F A Per an 
2B Rit Prytcnty, les Meade nd Pracgle (18), po 208243. 
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tdined and wore are not UE the results of oar behavior are 
pain, poauhizent, sonal duappcoral, regret, sod faluce 
{eacaly,cerualy te act which fead up to such anoying 
fates ae rorlyeepeated by the nor person On the other 
hand, responver which bnag food, comfort, andy wextnea, 
prone, ata succes wil ott probably be repeated and 
Though exerone become more rapid and more eatain 18 
(Gove cases te wbic larang ten place where there 1s 3a 
fobvervable seunartom but ere indiferaee or actual 40- 
toyance,« w oes Ge that bebsmor of we opposite sort 
‘vould be vil more diattiyng. The bey who duntaly 
races bie musi lewon eftes hab an elt mcuve which 
4s 201 wholly vcoosncest wth the (ew of efecs. Aad itis 
prebuble to thatthe hie of « martyr is wot eatzey deverd 
of sautfacuoa. 

Te often happens, of course, thatthe end-reut i, the 
ce, wile proving wllaatelacoon (0 the indvdsal 
concerned, is actualy eayrons, or 1 vocally dpproved 
for worily hurtful. Numeroos examples could be brought 
Forward eo ilmernte the aeoatuoa Il x baby ue fad ot 
carted whenever it cnet, if the smal boy 3 gvea money 
ot candy whenever he whines or tect, and sf the bally 2 
applauded and feared by the other sinter of hi ¢r0up, 
ich usfortuaate behave, heaueeaxtalying, wil end t0 
peru, To change orale, the end-efles aunt be made 
ntasfyng, Socal dvapproral, the wubholdiog of some: 
(hag valued or deed by the chil, mld punshment, ey 
‘he tubiotuion of new satrete at once aaaying and more 
healthial, are common methods enployed. Posts, medal, 
the honor-rol, and other forms of approbtion are name of 
the weadional ways ca wich che sce! has tiled the ae 
cof eet. The moder school has 8% aa itn idea the maling 
of the eae of industry nd application seem word while 
in thomcives to the chid. To reach thw eed, # strves (© 
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athe dared responses and then through exarae to bald 
thea in. Ths the fendamental prebler 19 the peychology 
of leerng, and involves enecealy the [awe of exerote 
and elect 





Suggested Readings 


1, Thorndike’ ows account of his asimat srudies wil be 
Aouad most avenently 1a, hus Animal Juseligance 
Experimental Studs, 19s edation Far oa lawn of exet= 
fae and eller, see Thomdike, EL, Bdveatonal Pry 
thology, Brefer Cowrse (1914). 

+ For atone accong of he hry of anima payehdoy, 











see C. J Warden's & Short Outline of Comparattoe 
Epreflory (929), 

a Webi The Mewaiy of Apex (op23) coouion 
3 ptceieg decrpte 2 the thors eager 

4. Kedear durcasioe of the lame of tearing will be found 
we P Sa 
‘he educational 2 





Chapter 6 
‘THORNDIKE AND WOODWORTH'S EXPERIMENT. 
ON THE TRANSFER OF TRAINING AND 
ITS INFLUENCE UPON THE DOCTRINE, 
‘OF FORMAL DISCIPLINE 


(o) 


PTE seating of format cine is the tine honored 
‘wew iat by hard study asd appliaton the fiber of 
‘the mind becomes toughesed like » muscle, and that, at 8 
direct renult, one’s “powers” of wtteau0s, me 
ing, aad the like are markedly strengrbened and increased. 
‘Advocates of tha bebef wall eancend that « boy’ “reavoaing. 
lay.”  trorooghly crainad by the eclvng of curoereat 
crigionle in geometry,  theceby better prepared to bacdle 
the kaoty problems of busosss and profeanoeal Ke later 
‘on, In echer words, the (canner of traning from one activity 
‘the spread of improvement, in concave to he 


















that tater of acquired ski or specie tai 
specie and nerrow; that taining, fr example, in the dotca 
‘of a department sore salesman will carry ever or beneht 
fnother actwity of putvut only in vo far a there is & 

jaslary of method or material becwoea the two, For maay. 
‘yearea controversy, which i tll very mach alive, bes rage 
‘between thane tro oppenieg views 

Histoneally the doctnee of formal dacipline owes itt ofi= 
fin sud ua present-day survival to two welbistrenched be- 
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lief, Te fie ib the view that and it sande wp of numerous 
Sula powers or faculties the sovalled “acobyy paychat- 
‘ogy"; the socood inthe idea that ditciploe ix the oneatal 
fusction aad even the man duty of education, According to 
feity peychology, mad  saalogous to sa mincate machine, 
the various parts of which correspond to the facsiues of 
cbiervauen, memory, reasoning, judgmem, volun, 
the like. Experiences are the raw roatezal fed iato th 

machine; here they art weaghed and exieated by the faculty 
of judgriemt, arranged in legal sequence by the faculty of 


‘easing and Tong practic the mind taken om atength, 
‘nd these characte are generally ex 
all sort of eneations 
‘The second bell, et of the duciplinary function of edve 
cation, groms directly ost of facuty paychology. tin deeply 
rooted, too, ia the mocalauc view that whatever in dif 
bby vite ofthat fac aloce, i valuable ia the trunng of the 
hil’ iad. Thia view sx widely prevalent to-day 42005, 
school people althoegh i is showy some maps of werken~ 
Ing. Itt long bees a tadinoa that arog schoo! etudiey 
{Latin and mathematica are opecaly vasablein training the 
powers of concentrating, feasotiag, and precision. Ie is in- 
Teresting to trace the grow ofthis belie i we diacishnary 
alee of Latin. Por many years Latin wat aught an» €2ry 
rnecestary aubjec for priewa and oven of farting; later ot 
fer 


















‘of certain rancher of mathematica. Thovtsndt of high 
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check boys and site uady geometry e>dey, though 10 
Sloat aehpble per ceat of them wil ever eve 212 ater 
Iie Tt tenon tthe crvicelum s8 bated upon it alleged 
lve a runieg the mind fa prenana, fo judgment, and 
logreal cexrone, 

“As we actad abore, the view is wil widerpead among 
divert bat aa edidvel bana wind wise pomsewen xr 
thin powers, and that thee can be traned and diclined 
‘only by bard a08 not always soteeneg tata, The fellow 
tag quetatons soma of wich are sot tore than wo dec 
tudor obi, wil show how ezong end onbodox 1 the belel 
a the sopeior diccplinary value of certain subjecs. The 
doctrine, it most be remecsbered, » bavedmoplcly, If ot 
explicit, upon the faculty peycblony. 


“The uy of be Lave leguag hae dow i 
eer sub 
fromm of thove mental qvatin whuch ae the 
{Soa for the taieeue of fe—whether that bo 
‘ovat in makiog fe teat ecquaroons or x directing the 
powers thus wreogthened aod reatared to profenonal and 
ihe hers —bacnes om Bescon, by Joep Payee, 

ers rae they a be way of deg which 
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pathos; ia thor, the and ecrengteniag of 
iene cate of ieccese Mader bax 
Es Laat tn cele vet  «hvig incur 


sai ta a are 
sgeieereiecrmtias sfeure ts 
Heer yaseciaae Poneto at 
Sasha tah argh doen ene 
i he ee re abe a 
Shame ago meas Oat 
Pees pad Pog ay ate 
Shy matte ca aes 


BRI eB a tne tng een 
Uae te en rae coe 
sear weaie eee 
as sar ge ae 
Eira atk dmencas High School, Aeboo! aud Soctey, 
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‘The modem view of mental ecgumaation holds, in oppor 
don to the faculty docrine ourkned above, that what me 
Totty call “od consist of rote or lene lovely connected 
Dehavior wtadences, and that watsler of iazprovement as & 
emule of apecial trang takes place slmortexchusvely amoog, 
related actives. Actvitin may be related dhrough simark. 
ties in form o¢ in procedare and method, or through sect 

tues in caateat or matenal Thus « knowledge of Lat sul 
undoubtedly sid one to learn Spanich more cavly, while a 
Iknawiedge of mathetice is diupensable ia engineering ot 
physica. Moreover, experience gained a0 « cmwaltng chemist 
seth oue concern sil ually enable & man the mare easily 
‘to perform hie duties wth another frm. Added to che faty 
specie transfer, there is alow eeracaly some gene 
‘over groming aut of auch broad factors 28 4 comm 
riage, definite eles of sty, babes of asatatss, cs 
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thoroughness, quickness io readoag sed wotng, and the 
‘ike. Bve wuch genecal traasier we very touch aealler chan 
tha ‘by formal deoplee. 

‘The evdeace agaist formal ducpine and the faeulty 

chology comes from (1) everyday cbvervatioe, (a) from 
hysology, and (3 s0d chiety) from experment, In the Sst 
place, we al bebeve m a cera assount of eranafet—but |B 
4 certuraamoust oaly The able lawyer is made o jude, and 
the acuve young exacative become 4 general manager But 
the enguecer is tot made beslth ofScec, sor w 4 matter oF 
phyweiue put m charge of buikiag bode. Tu cher words, 
common tease tells us that apecial cating eaaaot powubly 
Prepare a masa for all sorte of vocations sor reake hitn an 
‘exper in all branches of nowdedge In fc, stnkng iottancet 
of the oppoute are fousd All coo oftea the erent roca 
ives opisions on theology which are simply banal, while 
‘he highly trated mathesataan 2 ray more legual ot 
radon! ip welaceng am sutomebile thea ot bt lar ped 
neighbor. To ather words, there w isle exdence fram every- 
ay hfe of general mid troreg. 

"The pecado-eceace of phresclogy ie clucly related to 
faculty piycholegy on the phynciopcal side Phrenolagy 
aught that the diereac facchues of the mind have “seat” 
Jn pene parts of the bet, snd that thew respecte de- 
Yeloptnents cao be estimated from the "bumpy" or prone 
ences on the skal, Phrenclogy it no longer taken senourly 
bby acentiic men, but, ke palovetry and grapbology, bas 
ercended tothe level of « parlor ameserent. Physolonais 
who have studied the brave and the nervoos system ha 
found ao evidence of nervous centers correxpontling to 
alleged phrenolopeal facuises. They have been able to map 
‘ut on the corer gesral ecaory and motor ares, 4 eat 
acea, an audicory ates, ard a3 area for taate and smell. But 
so centers for etch faculties a8 judemeet, observation, vol 
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ton, fear-of God, oc aoeatraton bare ever been found. To 
the preveat-day paychologiet the teom concentration, for 's- 
stance, instead of meaang a power or faculty, w Simply » 
tame to derive cspanses which are alike 9 being marked 
bby a hugh degree of rateaury Suck responses may fal io 
‘many eateyones, from concestravon upon a aympbooy 12 
concentration soa a bouag match. In ahor, wi 
concentrates epoa i depeadect upon hu agr eductuon, 
special iacerest, and traning, nce ypos 2 mpwenous power 
of concentratin” wehach extn pers. 

‘The expenmental stack upon the quenton of general ver 
sus apectc tasler of improvement bas been made by 
‘paychalopiete interested in the theoretical problem of mental 
‘onpanzation a well as by thote interested in the educational 

pect of the trasefer problem. Upos both of theve quer 
tions the laboratory erdies of transfer have thrown much 
igh. 
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‘The fit expenment upon the problem of transfer was 
reported by Wilham James in about 1890, Jamet miemtured 
the time requimed by hosel acd foer students to memonte 
secectians fox Vitor Hope's poem the Satyr, before and 
after walting woh ether pasaages of postr, for example, 
wee from Parade Lost or from ocrtasa of the German 
poets. After memonmag a given patsage from Hugo, each 
subject apent about (weaty manutes per day for a mozth 
attempting (9 tram be memory with other aslectomy, after 
‘which ke again meronand pansages from the Saryr. Ox these 
final tot three of the mbjects showed slight mproremeat 
corer thew frst records—averagneg about 13% per eent—but 











love im reret, but  posevcesfsstrical significance, ince 
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fc mared the experimental stteck epon the problem of che 
‘extent of eranefer through specal pracuce. A later and better 
oatreled eapenmeat by W. F. Dearborn (1930) on the 
fame top of memory teanieg should be mentioned in 
‘consectoa, Dearbore fouad traneler of from 0 t0 © pet 
cent 26 2 real of specal practice wach materul of a some 
what bbe nature ‘The perceatage of tausler sein by 50 
means a3. great, however, a1 the improvement shown i 
learning the materal upon which Dearbora's aabjeca spe 
‘ofcaly pracused. 








saad perception. These expencents farmed the frat ret 
fxact and quasttatne endence aguet the doctiae. of 
Tormal dacpline. The induence of the tramwug received 12, 
ne Kind of percepton upoe efficacy in other related c= 
luvnien war sovewugated by peacunng five to si subject 


(2) fe enzaueg the aeat of vanoun yoowetne Suey the 
lengab of fines, vale of weghte and vo forth, and (2) in 
ted word oF letters 8 a prised page. In 
the Seat ere of experieente—thowe on seaory dc 
‘woe —Thorndike and Woodword tamed thei ubyects i the 
sig to esomate the arent of etapples sud thet geomet 
cal figures Before the trising er pracice penod, snd again 
Afterward the subjects were tented forthe acura ine 
mating the areas of many otter figures eg, rectangles, 
Srey, enogls, and erpecide Soe of these pores were 
‘Acrent x shape but sant i size to thote of the trxning 
Derod,eubers snr fn bape but diferent in tne and ail 
thers uferen bath nae sed shape ros the records be- 
fore aed alter pracsce the eect of the immersing ain 
period upon the accuracy of daccimunasion 
Ieined. If we lop TT = val txts T 
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and F'T =the Soal tet we can repretett the expesiment 
sramantialy x flow: 

IT-TP—PT 


Dunag the taining penod (T'P) of the principal dri 
nation experiment the subjects perce’ a emmating the 
zeus of rectangles of ten to 100 square centers om Ba, 
{fn every cane cateflly checking the accuracy of dete reslty 
Unt they bad acquired marked profeacy at hi tuk, The 
Amprovement,  eaemured by ten given before and afer 
‘hit tramog, penod, made in exurating acest ol 
size an then rectangles, but of diferent shee, wa 
F cent ab large #5 the iraprovemeat abowa 1m the TP, 
ely, im extnating aeat decent 19 wae But ofthe 1a 
thipe, When the webjects were tested wich figures of the 
same shape but vomewhat larger we ne ea, rectangle of 
140 to $00 squate ceaumneers) than thove ured in the 
Utaving deren, the iepeovement was ool 30 per cent a8 
arent a in the TP, Very probably this low Bure is partly 
* renutof coufuion and iotererence due co the smarty 
Ahape of che rectangles is the two series. For azeas diferent 
Jn dhape and larger we azz (249 to 4 square centers), 
‘the improvement ia accuracy was 52 pec cent as great a8 
the teanmg veren 

"Thorniike and Woodworh neat traized ther wubjects in 
ceatinating the lengebs of Ines 5 to 1.5 socber Joog unt aa 
improvement of abou 3 per cext wat noted. Th tra 
Period pradeced fide or 30 improvemeat fn the ert 
flow sx to twetve inches long a8 chown by tetts given 
‘before and after the practice pened. Nor dd the reining 
smth siziach to twclvewoch les lead to aay inproveneat 
i eaunatiog Tne fifteea to cweety-fout inches loop. 

In another sentory feld, that of tactual and Bnestheie 
Gxerinianton, improvement to about the emme degree at 
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sok geometrca! Sguree war noted at 4 rent of previous 

zg close mele funcoos The eabjeca were ened 
‘ut ume for thew acicacy om eveating weight of 120 (0 
feo grams. They were thea ized in numatig Weights 
cf twenty 10 140 grams, and then sets wrk the Sev act 
of wawhts um order to saearaze the fect of he sater=nR 
Dpracior penod. The improvement is the FT over the 1 

how 40 pee cext of that which appeared ia the TP, 
Indeateg Ghat taanler, while evident, wat by 20 Dean 
connderabe, 

“Thorndike and Woodworth second series of experientn, 
thote wih language, ae especaly valuable becacte of their 
Jmplictuoes for edecatnal prachce; thats, bene dey 
patalil faut doy the kod of work doae sm ackoot from 
eh th pt abn nly ep Ta te 

ca, which dealt with the perocpan of wotde and 
inter te tung pened ronated wie rope cxnesiion 
of every word on a pried page conassing bot ¢ and J. 
fore and ler thie tase, the sobyara were tested for 
ther abiley t perecve and exaeel words coetaneg «wf 
4nd p, 7 nado, a0d the Lice. 20 anotber experimen the 
tubjecs were tented for their ability to perceive and cane 
eras parts of speach, €,verbe wad adjectives, a8 well ws 
swords of« cera length 28d munpeled words, They were 
then traned ia Like atenal cod agai retested Improvement 
jn adiog wad exaccling two lexere—asehowa by toa girea 
before ad after tawing—was aboat 35 percent a great a8 
the accuracy achieved in the camng pend ill ESicency 
Jn fading and markiag vcbs wad preponoce mat improved 
{can 20 to a per seat in apecd, and often three tines 
smoch ia secarny, 90.4 zeasle of easing muh analogous 
matenal Bur although the abvicy tm petcere and mark 
cathct part of specth a «cent of ch Hai 
‘ances showed an wctease wm apecd, ere was olen 8 gre 






































136 Great Experiments in Psychology 


decrease ix accuracy. Rete agun interference cather than, 
Ceamsfar of smprovement sceas to bave been the rule. 

‘The sevult of Taoradke and Woadwordh's experiments 
indicated dearly that even um pecformances wuperically 
rcch alike there may olen be aot oaly comparatively ide 
‘transfer of improvement, bat sestead counderable {aterfer- 
‘ence of negative wantler. Such eeansler 48 appecred OU 
author atinbote to the carry-over of specfic methods end 
Iles of procedore ot wo aizlarty inthe tramed and tamed 
smatecul, One subject, for example, discovered f hunaelf a 
adency to overemsmare azall areas, and allowed for thus 
tus Inter judgments, Ancther found that too much interet 
in the eubjectemater of the selecvon cancelled slowed bom 
up, nod that too clone attention to the parca letters 
cilled Jed uo amerference whes other lecers mere marked. 
Tn general, ututades of conSdeoce, fanitancy wit che tk, 

ind issprovecnens in setbods of attack 960m also vo have 
Deen treaaterred. 

‘Trocadive and Woodworh's findings gave hitle encour 
agement toa bebe i a general obtervational ability, or m 
faculty of perception for dealing with language which, case 
traoed, raiee thereafter the whole level of performance 12 
uch sbifiver. Ox the contrary, cher rerults cuggested 
strongly that the amoont of transfer {rom one acuvity 10 

other depends chiedy upon the degree of community 
among, or the overlapping of ther elements Obvioudy, thi 
‘conclusion, of extabbahed for other mater, would make any 
‘road apread of improvement an smpcvebity; ait stands 
it i dlamerrically opposed to the ies of formal diespline. 
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‘Thorndike and Woodworth exptrimeata delivarsd = 
broadnde 
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form—ttom which t eever folly recovered. Seora of ex- 

Ponmenis oo traafer sce cad ont altbouph dieing 

fmuch a8 co achod of tack aad acuy eleced for eudy, 

live ot the whole corroborsiad thee ely cer, Prac 

sally al later gushes agree hat texaet as the rete of 

tpesialpracoce ve fat from general, and thet, for the out 
ary itis coniued to dvd reed capa. 

"Te lagent degree raafer vem to be found in eu 
of eumal astzevearag, the leas in sdenof the de> 
rary of tracer valve of echool subjects One typical 
‘erugaton From each of these Seid wel be cited by wey of 
iluuceaton. A earefel and wellcontelied experiment of 
trantler ia mazeleaming, 9 whch bah rate and hueasy 
sree eabjecy wae ermad out t the Univerety of Chagas 

ebb (1917). Webb employed wx uquare neues 
rblema for bie scrmals. 1s order defintely to 
fevor poutuve unssier, two of these rasa, 4 and B, wt 
clorely tsar ab 19 tres and Did alleys, while the other 
four, €, DB, anc P, were dsiolar ih this teapee inorder 
to favor negave vasuter. Woce a group of sats hed lexrued 
ne A, trvonfer wan mcatured by seeing how mech more 
icy tevetrined rate could learn the other saab that 
foerpatable ctrl groups wise had had 30 prenow prace 
‘ue ad. Records were secured sn term of wumber of tale 
frrors mde, aed tne regard co lara. In every watance, 
Webb found poutve traneer from maze 4 x0 the ctber 
five mazes, the presi carry-over beiag from waze A 10 
"The ofec 
1 decided madency to eater blind 
Alleys lee fequeadhy Iacreane in tbe efsency of leasing 
the other mazes ax 2 result of price fo 4 vere fram 19 
1077 pte cet fr the trials eqeireds fom 20 &D 95 per cat 
for ertog and fom 291 90 perez or tae The reatnt 
eanaferoxcurced inthe fist Sve tile wth the second maze, 
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Webb obeazed ssbutanially the tame resis, Le, conmst 
ceatly posive vanster, wath hr haraaa anbjocts, who were 
trmcd with four pened mazes. 

‘Webb's resulta sre probably to be atenbeted in no small 
part to the fact that maze scozvces roqure the lene of 
& Taty simple and somewhat areca! ote bab and that 
toares—even the mont dawralar ooes—are more alike than 
the tearang taka ordinarily conlconting rats or hurant oot= 
tide of the labortcry “The fact tat tater of practice is 
‘concentrated maly 10 the fst fre trals on the second 
mame epi eva, cope he wh cad 

‘ora mae 4 tthe othe mates wa geaeral fa 
‘kth anton tobe tuned pu eng oferty 
confdence, pethaps, which ezable the lenree (rat of kuzman) 
tw get off tow “raniog scart” Of coors, weed bundy be 
pototed out that even very emeonve racafer nimple motor 
take can have Lite effect on Boltering up the canerpt of 
mental faces or the dacphnary vale ofrtelectua tata. 
Howeres, tracuter eves from maze A to mate B fll coosul= 
erably Slow 100 per cen, the average of rer by the 
three entera being xbost 6a per cea 


























a) 

(xe of the mont comprehensive recent stuiien on the 
subject of transfer in echool wabjec was carved out by. 
‘Thorndike in 1924. [a ths expermmest. which Sandiford 
enka of as a eracal tex of the trarafer value of apecal 
Practice, Thorndike investigated the efert upoo intellectual 
achicverneat ofa year's work ca vartous huh school sobyecs, 
tuch as Lats, mathematics, and hucry. The subjects were 
£564 high school srudents in grads 30,12, and.22 Aw a pre- 
Savinary ov mua tee (1 T) all puple were given Form A 
ofthe Feats of Selective ond Reltional Thinkrag, published 
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by the Lorstate of Educational Resear, Teachers Calege, 
Columbia Unevenity After ove year of school work shear 
sudents were given Form B ofthe rasne tens ab & final test 
(PT), The two forms A and Bare equeslent, beg of 
spproucutely eqeal difcsly. The trang pero’ (TP) 
‘was supphed by one regular year of echoclog as from four 
to five studies The gain is Snal score ret Iniual score 
(F T—17) was takes tobe « jt prodect of growth plus 
she sconce or ener et of the jr ead To 
‘out the diferentinl cece of exch echocl subject 
‘Thordike employed the follow plan. AU puple boxe 
programs included, lee us vay, Engleh, geomecry, bitory, 
tnd Lavo were watched for roa) score m the teste with 
pupils whose progams mcleded English, gooey, hintory, 
tnd some exher subject thas Latin, ay physics. Theve two 
group, being eqerl is watal bilty, and baving taken the 
tune subjects troughowt tbe year, except for Latin in one 
rou and pbywet m the other, aay dierence in pum at the 
tnd of the year would be the cam, presumably, of the 
dferental or transfer efcct of the two compared tubjecs. 
‘To te an example the average gain wn the fal tt of the 
Group were 25 pomcs, aed the average gain of the 
Phynes Group 15 pois, thea since the two groupe were 
equal a he sar, the trating eect froa Latin on the a= 
crags, ten poets greater thas that from phytic 
effect ofthe other school studies was calculated in the same 
way. The amoant hick each cootnboted to the Sa 






































gram to sbat the tank of devernining diferential gaine was 


Th Saucy” meade Gone tot sey oond fs ee ten of 
eee wise 29, eit pert, Seabee ses totam, 
‘Sinlopa semeacecoogleme ce how wet Aime tee = ale 
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by 20 metus #0 simple a4 ovr ilusteation might voggmt. 
‘The exemple given, however, will serve at » nmpifd de- 
scnption of the method. To determine the carry-over of & 
snudy a8 compared with emple growth dunng the year, 
equated groupe wab programs containing stodies ABCD, 
for lnutance, and wtudies 42CDX were compared. This 
ives che effect of eeudy X aguante nou-Z, growth bring the 

sme for both groupe of audeou. 
‘The resale of this extensive rvestgation were later 
checked ta anctber study of 5,000 pupls (1927) The imple 
‘eavont of these two expermmentt for formal ducpline are 
fexwemdy importat, and the specie Gndongs are probubly, 
at varence with whet many of es maght have been led to 
feapec. As far an the diferent atudies are concerned, mathe- 
matics, incadiog bookkeeping and anthmenc, proved to 
Dave the greater teasing effect, wath general rence, phyoic, 
9 chemucry clone seconde Laws wat isfenoe 10 mathe: 
macs and science, about equal ro Freach, and superior to 
‘ceonomacs, tew2g, steoography, manual crmning, and dra 
matic art. Ip geveral, these lastnamed erudies showed 
‘negative tasafer—a low in Saal score rather than aga 
Undoubtedly the tradsional new that Latin x the eubject 
‘por excellence fo trang one to teaten or thoak ut hardly 
bore out by theve fedinge 

‘While furl comsstent difereaces appeared between achoal 
subjects, he traatler effect of even the beat ecbjects wan 
amoushiagly tall Appareaty, the gain made by » pupil 
during the year depends far more upon hie native abihiy, at 
shown by 4 bigh wital score on the tests, thas upon the 
tramafer value of» particular stedy. Thos x larly abowa by 
the fact that, whe the highest 1 per cet in owtial general 
abity guined about ewenty ports ra che Boal test after & 
year's work in high schoo, the lowest 1 per cent gained 
‘nly ane aad one-half pais. This wa irrespective of the 
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subjects wadied. Jo commenung epee these facta Thorndike 


“The expectation of any Ine diference in gerd i 
prove tbe aun fom one sy refer tan guy 
{ems doomed to duappomnemect. Toe chic ease wi 
‘Kista seem Sdperkaly te have bese eae nly Lene 
ing taken ceruoa school sea, that geod tinker Bave 
{ace euch studies, becoming Geter by the faberent tea 
dng Qf oe goal eau sore as the a Say 
andy. When the good thakere soded Greck and 
IES? aude sean ip mae el sk, No ta ae 


god yu thee teem 
Stake yet tankers i the aber fapee S20 af ey 
aye Elect sod ramet Ato rbd eld 
ter fake pod tinker Thee We adel a se 
Fence tte progr dio he be 
word hae. prodacety, the. Athenian Greeka After os 
Sree Saw jl cay sued Reba 
Sow in favor cheng mady ne certtly nox are. 

‘toes ay be real and verve wet the curtis, Bue 
the weghts should be rensonabie™ 


We may wemarze brely the presextday opision of 
puychslogina ox the problem of bow taraler takes place 
1 foliowe: Tmprovemert 9 ose funcocn, a a rent of the 
tcercan of soother, depends (1) upon the Idestiy of de 
inexty, ciher a to material or a8 to method, between the 
‘capacities meawured; oF (2) upon the carry-over af atutudes 
‘methods or wecbsigue of etack which are fit general. 
fae. The Sint view i wubstantally thet of Tooradske a3 
‘Woodworth previouly stand, the seeoed, that of gene 
‘ized experience, was fier advanced by Judd, and 
omeimee kes to be an akerative—aod opposed —et- 
on of transfor Tt sera dof, however, whether 
‘ealy ay opposition beewees the two view, though 
1 éifereace un emphasia Tae valve of Latin an au 
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and jp learning French depends upon the wena clementa 
dn the two langeages a2 well 2¢ upox the emlany in gen- 
ral form and ayatax which they pousss ia common with 
English Tt seems bardy probable that commoa atctuder or 
techaguct are abecrarred from a vanely of expenences Ui 
leas thete are common bonds (identical elements) runmag 
through them afl. The most commoa bond » language; othert 
are everyday aformatice, sumlanty of roe or procedure, 

nd plan of attack. Such connections a1 there’ probibly 
supply the identcal cements as wall a» the move abstract 
procedures which fead to cransfer Iu hardly necearary to 
add thac both of these riews of the mechanism of transfer 
are directly opposed to the fucelty view of mectal ocpasi- 
‘ution. 





oy 


Many of the cay eapentmenta on te irntfer of improve= 
saeat from pracuice were faulty becase of the expenmenree 
falure to check the raite cbtwned trom «pec rma.ng 
‘aqua the rests eared from x comzctgreup. A coaitl 
Atoup,wheh en the vesal test od the Saal test, bor sot 
fhe wang, cables one 19 reparte ox foe the teaster 
affect due to sper trammeg, the cary-over due to mere 
fepeiven of the Baal vx. The sont groop techegue— 
colt called the method of equivalent groupr—e t0 geo 
ceully employed to-day v8 tranaer experienc a9 el an 18 
‘many other expenmenial probiers 1 prpcbology, tha 
scene worth while for us to coonder& mn some greet deta. 
‘The fst etep in the method of equivalent groope to que 
the owo (cr more) groupe employed on the haus of one oF 
more vatabe factor, ech, fr enarple, s age, £3, OF Fede 
eral riclence Otten the groupe ate equited in terme of 
the specie function, eR, enory of reaction tate upon 
which the influence of he sxpenaental facat of EF (in 
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tranefer experiments te ls epecal practice) ie to be adied, 
To eqeatg groups, the usual mcthod m to match ot pur off 
the wubjecte uo that the two groupe will have the sxme of 
nearly the sume average ual score (TT) and the earoe 
varity around ths average. After the geoape s1e ayuated, 
the EF ws apphed to oas—the experimectal group-—and st 
the conclusion of th trating penod both groups are given 
the final texe (FT), which w= uaoaly an alternate forma of 
the IT. The diference in gain of the experimectal group 
lover the contol gives « mearuce of the effec of the EF, 
mans the peacuice efacx of eumply repeating the test. That 
fs to any, the control groep enables us to separrte aut the 
pracuce effec duc to mere repetvon of the I, from the 
‘eect of the EF play the eepeunon of the IT. We may dia. 
ram the whole procs nly as clos 


Expenmestel evap IT —EF_ET=6, 

Cetra 1 FT=Q 

Coney the ced of be EF 

A recent expenment by Gases! iatraces deasly the 
method of equrvalene yroups as apped to transfer problems 
ed quoted here at a concrete example of the method. 
Gives was muerevted in finding oot 0 what etteat « nimple 
function, 1.¢, digit wpee, coud be ixproved as the reac of 
amteauve pracuce aad bow permensot such improvement 
‘would be, A group of kandergarcen children four tow years 

















4 pouible in the fllowing crams. vex, age, mental age, IQ, 
wholanue maturity a8 eatunated by teacher, memory for 
its presented orally, for letters prevenied ecally, for woe 
bu Reperraatl Sty oft Mates of Imprrenat Reta from 
steel Pn Je Eat Pa 
nie 
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presented oraly, for geometric figures, for 





‘The experimental fctor wae inteowve practive fo wame- 
uate memory for dipes. For aeventy-eght days the children 
1m the experimental or practice group were given daly drill 
1m learning groupe of digus, the control group, meanwhile, 
eceving 20 training. Acide end of the pracuce period whes 
‘both groups were retested (FT) for dig span, the 
[roup bad progressed from an average apan of 4.5 











(ce Tabte XIV) to aa average of 640, a gx0 of 307 digs 
"The convecl group, on the otker hand, had ancressed 

average from 4 33 10 5.06, 9 gas of 73 dig The difference 
beewees 207 anc 73 pvr the effect ofthe intervening race 





ac year to. The pracuce group, then, advanced dunng « 
pend of 45 months duneg which they practiced 78 days, 





1s this comparatively coormous game the result af some 
real improvement in retentwany, of af « sumulated rate of 
growth of neural concections, of can it be attributed seply 
{0 an improvement in the techsique of memonaing, better 
methods and the like? To answer thie question, Gater 
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slowed four aod a half mouths to pase, and then retenred 
fourteen members of eich group—all thet could be 
located. The revolt was quite concloswe On dhe retest, 
th eens may ys lhe race ay 438 
digits, that of the contr! group 4441 dps” the two 
vee gun equal au thay were ste eguming of re ody, 
Imppravement, axhough quote large soumedutely after tro 
ing, had reputed im a0 permanent benefit. ‘Tht renatt ind 
cates clearly, at Gates povats oct, that tbe large increase ia 
score brought about by the vevesty-cight day of venrauve 
practice wat probably de almoet eoveely to the acqnit00 
of special tecbriques, famibanty with the task in band, adap- 
‘etoa to the eximiner’s voce and ageal, low of aasiry, 
beser haus of atennion, 20d the devunng of simple schemes 
of grovpag, getteg conbinaboos, and the hike Obviouely 
these techniques, though temporarily Mgbly elecve, i 
[not remem 48 petregeent acqomsions 

“Tae method of equivalent groups bas been widely used in 
mumereus psycholagses| problems and bat proved to be 
exceedingly valuable in the study of the efecs af vatiour 
caperineatal factors. Apart from the EF of specal wasamg 
in tansfer expermmeats, the macentve value of praute vertut 
‘blame, the effec of various drugs upoe mental acuvry, 
visual versve audeary presencanon, and poutive vertus aeg- 
‘tive tuggevtion muy be mentioned as 4 few of the may 
problems which have been invextgated by thie tod 








Suggested Readings 


{The erpenmental wor ow tran of ining it ate 
fab and ote oney pore The es icone eal eles. 
‘ane toverupatoan aisag mcs elamencary dincoetoos 
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sd evaloenone. A. M. Jordan's Réecaonal Peycha- 

Gaapter Vit. AT Gators Prachaloy fr 
igucouon (1905), Caper XU; aad S 
‘ernang Pret (ge), Chapters XIV 





Chapter 7 


WATSON'S EXPERIMENTAL STUDIES OF THE 
BEHAVIOR OF THE NUMAN INFANT 


(o) 
PRIOR 0 ie eecee rom so:7 to 190) of Jobe 

‘Wataoa and bie co-workers pos ube growh and be 
have af the human refant, ile actual experoental work 
hud been done sa ths highly sterenung Geld. There wore, 


to be mure several excellent biographies of maividual chi 
en, vet 











many people, parents im parucolar, to any “expenmmenta” 
pon whe Raman young, few ymemancally costrolied obter= 
‘vations on the appeacance aad developmest of behavior Pat- 
tems had been made on large aembers of clive from 
which reliuble concluaone could he deawa. Watson's pioneer 
studies, caved out upon roany young children the Harnet 
Lane Ficapeal en Baluroore, did reach to remedy this nep- 
Iewed ete of afare ad to empbanae the weed and ime 
portance of further work. A large share of the mteret i 
the study of the young child which we ate exhibited 10 
widely to-day 1a the exablsbsicot of oantotes of chid wel- 
fare and aurnery schools bad fe ong ie there early ex 
penments of Watton and hus students 

Despite the recogaaed value of thi work, Lowever, Joba 
|B. Wats it bere known to-day nor ax 2 chi peychclognt, 
‘but as the “founder” aod champion of the etretly mechan= 
late type of paythology known a behavioritm, Watson re~ 

a 
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ceived the PhD. degree io prychology (coxa the Usivensty 
fof Chingo in 190s with 2 diaseravoe ia the eld of animal 
prychology ‘The sexe year be weet to Jobat Hopes Une 
‘entity, where be becasse professor of expermmentatpaychel- 
(py in 1908 atthe age of Curry years Watson broue 
Johns Hoplans « song ieterex is anil experieauon 
nd « growing beet an the practicability of extend 
the objecwve medhode vied wih vo mic ance 











csemplify the value of objective and behanonsuc methods 
1B genet mudies of the human young. 

Tn general Watson's method was 10 chnerve infant act 
lay from bith onward, to caulogoe the fandamental re. 
eure snd mauncuve tendeecis a8 well as the uslearaed 
‘motional expeessons at they appear; and to dicover how 
catly habit develop from thee maate modes of behave, 
‘Careful acre was made of the umes a¢ which children begin 
co vach for, mampulate, aed handle objects, sit alone, crawl, 
aad walk, What objecu and exuavone babies are aftad of, 
fngered by, and delighted wth were ato listed, and the 
agenetis of these emotions ctudied. Taformauon war aneured 
ot singly by observing behavior, bet by arrangiog itu- 
ations and Arping thera oot on the children ax well, Such 
records furauh exact and deste data on the cld end much 
ueutted question of whether « pean inherits specie fare 

















these wil sid us beter to guide 
toward the kind of duorion and kind of 
vocation for which their talete best ft them. 





Huth 1G AMONG gone CArANT RETLENLE 
‘Ama the genspige rolex of a chid ta days old. B shows 
‘the defense tele of ete foot to elighe fench om we 
ree of eaht Lnee. C w stmmalation for the Babrotkt rele, 
‘The blunt end of «match w cubbed across the sole of the 
{foot ‘The rerlt 8 sBown to The geest foe shows extene 
fom, the wall toes “iznnog” or Benin. (Thi ss a very 
anable telex go far au patern os conesrond ) From J. By 
Wats Prvchotogy irom the Standprat of « Behamorct, 
and edition (J. B Lippsocott Company, 1924), Fig. $6 
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® 
"The earteat eer nosed by M.G. Blanton (1967), work 

‘wader Watson's diectoe, was suresing, which may oc- 
cut even before the socalled birth-cry. Hiccoughing, yawn- 
ing, and, of coures, crying also appear very shortly after 
birch, Bender the bibcry whick w apparently enbrely re- 
ene aod comes wich the Sree gasping iauke af aur by the 
new-bora infant, Mrs. Blanton dferenuates crymg due 10 
(2) hunger, (2) tayuey and roogh weatment, and (3) faugue 
cor lack of excrete. Lem secestung that the regular fow of 
tears does not ordimanly appear ueul the child x aboot & 
month old. Sucking which includes tongue, lp, and cheek 











the child it comfortable and wel fed, sing tay be eed 
by lighe touches on the body, atcoling the aun, or gently 
roclng. Apparently the euld doesnot eara to xe ual 3 
tw at least oa mouth old. Mary Cover foues (1926) 
sndy of 15 bubtes, found chat conditioned or earned éxn 
sng, ie, amiing when the expecmester sete or talks 

talk, rately appears before the cd ie thy to forty daye 
ol Gevell (1938) reports nling ue ceaponve 10 coil st 
lawn at aboot ninecy days. 

One ofthe earlier motor acini to appeat wn the burcan 
anfaat ot that of grasping (Figute 15, A). A baby’s Rogers 
vill readily cone upon a sick, peaci, Singer, ot aay amatl 
byes and, ciogiag to this bike a oll monkey, the child 
fan cxily be lifted. All but abont 2 per ceat of normal 
cluldren can support ther own weight io this way, the 
lume during which they bang scépended varying from 
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fracton of w secsad «0 a8 loeg as « sinste. Thu scivity, 
which w eoorely wnate or uslearsed, appears ahorly after 
bth and drops out whe the ci in about four months 0, 
although tsometmes peru fora longer ws3e, Once tt 
appears, it nppareatiy never recarat. Watson voggets that 
the Jae distppearance of thie refes suy indiate a 
toally slow development; but at jure what age the line 
should be draws his not as yet been determned defimaely 
Af the experieater proses with las Bryer upon dhe chin 
of the new-born chid, the eoordimau of the two arme isto 
le delease movement w difese and poot Alter four or 
aye, however, coordicated movements of the two ara 
appear mich fae regulanty* Figere 15, B thows the defense 
reflex of « baby to alight rach onthe inet surface of one 
-kace. Note that the opponte leg a dcawa up at though 10 
uth away the amnoying sumles. 

‘Wath the wasig of the arasping reflex, the child began 
to reach thu inveives extending the hands foe an objec, 
fenng i, and (orally) carrying 2 to the oath. At about 
the ume ums, to, (Eve months) the baby bagas acuvely 
0 employ ite thumb, which hitherto has been welmgh 
‘welers 8 opposition tots other four agers Watane tested 
for reaching acuny by belding 2 stck of eaody directly 
{oat of the chld aad allowong fm to try and get Ube 
_rusped it, be was allowed to atte or wvck wt A five-monthe- 
‘old baby wil reach not axly for exndy bot, m geaeral for 
any amall object held close by. Hf tbe object reached for 
thurs oF pes puny the child will noon learn not to reach 
fo that purticlar tung Several xcorches from w candle for 
‘ample, and the buby, even at an cary age, learns 10 let 
lighted candles alone when whey come wide his reach. A 
somewhat surprsiog resol obtained from this ety of rench- 

thea, Mant TC. Searromter Rerpnes fl, Jacl 
sf Campers Pty (Wan) 8 
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ing is the diecovery that the child does net reach for ob- 
ecu more than two feet away The, of coume, «gine 
‘contrary to the paso notoa that the young ctld wll reach 
for the moon oF for any diatane object 

’Ak we all know, most adults ace npbthanded, sldbough 
quite a cerpectable mizonty use the lele a the preferred 
and, Is the preference for the nght band vazate or beredi= 
ary, or it 3 learned response? The azawer we give to thi 
aqucsvon is of more than theorencal wrest 1 Eandedeas 
1 bora, it probably safer to let a cild ute hus preferred 
Ihand—ahether ght oc leit—eather than vo try ad cathe 

tw chaage, a» there 6 some evidence that sammenDe 
and other emouonal dutarbances often cccur when left 
handed cid ia forced later on to change over to het right 
aod * Bue if basdadnes w enurely 4 matter of chaper of 
of carly kabitformaton, thea, tute the great majority of 
people are nghc-banded, i would cevasniy seem bea 10 teach 
A chidren fore the begieamg to use the ght band in 
preference to the left. Watoon invesugated thus qustoa of 
‘hasdedoese ro severai ways which dfusrate 20 clearly che 
experimental tckaiques weed ve cold erady chat they wil be 
degerived rather fall. 

2, Fim, 4 comparuon war aude of the leapt of tine 
dlring which twenty very young children could bang from 4 
‘ar supporting their oma weght ether by ube right band 
‘love of by the left haod alone, The teats were begun at 
birth and coutiaued forthe Bra ten days of the child's fife 
Reve showed that chilies Rang, om the averse, a long 
wih the left as wich the sight hard” ie, no ianace prefer. 
ce in tit acvey, at leu, wan appareat (eee Figure 15, 
2A for iuntration) 

12. Next the amount of random slashing movements made 
by the baby with ine ght and is left arms was meanured 

"Terman, LM Hype ofthe Seton CASE (9), seb 
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‘The record of suck voluetary accivty at appeared was kept 
by means of a small “work adden” ¢ device whch when 
operated caustd a sctched wheel to revolve m one dirci0a, 
‘hereby windiog up a weighr attached by a cord to 2 drut 
land ging 4 record of wock dose. One tod of the adder 
cord was fastened to the child's ws, the oxber tothe weight. 
‘Two adders were used vo that corde from both arms could 
be taken ssmoltanecusly Th expenmeat, which occupicd 
about five roustes, showed that almout sleaueal amounts 
‘ef work were dane by the nght snd left arma, thus vndicating 
that nenber arm (and nether band) ix favored an grose 
dashing movemeats of this bind 

4 In the thutt text, chidcen from five to ¢welve months 
old were examined 19 see which hand was oved fit 
reaching for objerta, Twenty babies were cesed once a week, 
tea to twenty thas beg given to exch Generally a atc 
ff ceady oF 4 candle served at the test obyest. This wt 
‘brought an omy towasd the Baby om a level with ste eyes, 
and sxacdy in the middle hee equarely berwees the baby's 
‘two hands Usually reaching occurred when the object wan 
about two feet away. A carelel record was kept of which 
hand wes wied for reaching, o,f both bands were used, at 
romenimes happened, which touched the object frst. No 
smashed preference for ether hand appeated on the tert; 
tometmes the baby used the ngbt end agate the left hand 
more ofteo. 

44, Ava final tett, measurcments were made of the length 
of the night and lefc forearms, erate, pale, and agers. 
[Na significant difereaces ware found between the nght and 
lek. meanacements of 100 babies. 

‘Toese sues of handedness suggeat strongly the abneace 
of any inborn prefeceace for either hand. If thit be the true 
state of afte, ica probable that me eball never hoow how 
preference for the nght hand originated m maa, ad st would 
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make Hele practical dfereace if we did Certauly the deste 
‘of parents that ther chideen shall not be “diferent” 26 of 
‘major importance to-day ia Smug the growing boy and 
fil wto the rightband mold. At an early age the boy 1 
taughs co shake bands wich Bis right hand, eke off bis at 
vwrds hus right band, and write wath bus nght bund, later om 
tbe finds that tools, bateball gloves, and gotf<dubs favor 
the right-hander Much ube aime thing sa true for gis 
Probably the eurty forang toward nghc-hundedzess plat 

toca] premure are sccong enough, even if 
leftchandadnens were oative for tome wedivdeals, to make 
all bat the moat stubborn fef-handens coafarm. 











oy 

Grasping of objec depends upoa hand-eye cootdine 
unos, and because of the st w amportane to keow when 
eye Govements becoine coordinated and which movements 
are fat co appear. One mathod of studying eye movernenis 
fn to place the baby om it back in a dark room with the 
dread held geady am place by a2 atautast. Just above the 
‘baby’s head a penmeter ie then placed, Thu contevance, 
‘whuch looks Ike the half of = hoop, cannes a mal! hight. 
‘The baby’ head being the exater of the crde of which the 
pesimeter 6 the semccumference, the light when moved 
ume distaece from the baby's eyes. Now by 

smovmg the ght to the nght or left, the “fllowing” move 
sents of che baby’s eyes cxn be studied. Watson found that 
the “torng” movements of the eyes are pocrly coordinated 
at birth. Sherman (1925), who hae venfied thete observa- 
lous on amnery-ex babuer ranging from one hour to cwelve 
days old, adda that alter thirty to fory hour cooribaation 
{icy good. The Scr coordscated fellomng movereare 
‘f0e fzation are Dhoue ia which ube baby's eyes tom 
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1w the left or ght. Somewhat Inter (after fy to ener 
days} upward and dewoward movements appear, and the 
baby is able to follow the light when st is moved in a 
‘orele whea he w two to theee onthe od, At aboct the fate 
age, 105, blinking, broaght abom by paneing sbe hand be- 
‘tween the child's face and a eootce of light accare. Tht 
reflex i extremely ouefl sa prorecung the eye from ajusy, 
and beloags to the general daw of movements koown, 
‘protective redezes.” 











‘Aw waporant mga of developmenc mm the young chid 
va the aby wo me alone, for, ike reaching, w¢ahows that 
‘the baby is gradealy fearming bow to ute sts own body. 
‘At three mathe aad a ball, nay8 Watton, the nla m 
fit entupporied for as long a two misucer MC. Jon 
fm the base of more cbservatoos than Watses, putt 
fire appearioce of nitcg aloar at five cootbs, Grell at 
sox to eight mone. (The dncepancy Bere ie apparent 
the cent of ucing wp dierent enter for “tittng ale 
By the age of wx mocthe the cald wall st alone ewe 
Tong an a tice monchs, and wilt play voids toes, pall at 
fu codhing, and sinke the bed upon which its att, 
‘Aker song aloe, che Sst step ia the locomotion sence 
cramlng, from which xandieg and salkng develop, Many 
igus can wupport cberusves m the mandng pasion by 
ding on to ome cbject as early a0 the eghth or sith 
amoath. The age at which a chld begine to walk depends 
pen sty heath, its weoghe, and wbetber it has bad any 
fights or injure from fal. Wallong may appear 3¢ O08 
year of age or even carer. After the fim sep has bees 
takes, nctual abit in learsing ro walk 58 connger upoa 
‘the jacense in body strength and growth, st wll as upon 
the praive and encouragement received from the pacents. 
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[Ad the sphere of bie imeret enlarges, the ormal ebld 
reeks voluntanly to wscesve hes menes of geeung What he 
“Tickle the sole of baby's foot or stroke ie gently with 
the bloat pauat of + peso dnd the big toe wil carn epeard 
ia a fanaing at extemicn movement, whe the otber tact 
ate tursed dows (fenoo movemest), Thor reaction, which 
i curly unlearacd, is cad the Babsesls refx, and 
ound in peactcaly all fants (Figuce 15, C and D). Sher- 
sun (1935) reports thar im 90 per cet of the casey ex- 
‘mined by tum, exeanoa athe dex wimuloe wat flomed 
queily by Renee ar the next wumulus. He ropards the 
fulure of the second movement to appear to be evidence 
of poor fuastional or neural developroecc. The Babusss ror 
flex unsally drappeare between the sitch and twelfth moethe 
ol the chil’ life. Ie a of connderable ceical value, sce 
ates, apparent,» ach of complete develop- 
meni 19 the nezvoch sysceon Hence if the ellen pe 
Jooger than one year the wupronion that the baby it not 
developiag normally. Whee found sn adckr the Bebiski 
efx ina tiga of pathclopsal er deste condiuon. 

















o 
‘Tens of phynclogical development and emer cootral Uke 
thove jst deseribed are often Wad te detersine whether oF 
fot a baby is noraal for hus wfe Such eam sre umsaly 
‘Rouped wo graded vert ot wales from which sore of 
‘Scvelopmental nandards bave bees forawleted A good dis 
tration of nic 4 scale ie Kablman's cension and extension of 
the BineeSinon tats? Termas’s Stanford Revise, it wi 
be rocaled (ace Chapter ¢, page 16), like Boe’ original 
tale, does 20¢ extead below three yeert Kuban devisnd 
A Beadsnk of Med Pret (8). 
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and etgodsrdiaed tests for three oath, six onthe, cweive 
‘months eghteza months, and two year, en eddiuon to Cee 
forthe age~ange covered by Breet (three to ftteen yeas). 
‘These early tats are attempts, lor the mor par, 1 
cover wbether the child ponests the aotznal reexes, wt well 
an the motor, rentoremeior, and language acuvives normal 
for ha age. The average cid of three mosthe should, a 
cordiog to Kublmao, beable (1) :9catey hi hand or a2 eb= 
ject to bis mouth, (2) to reace “with a reatked ‘tan’ ot 
lak” to a sudden sound, such a8 2 clap of the bande, oF 
the tnap of a sell teegrapbve “soappet”, (3) to fante a 
Tigh or bright objec apd flow 1 readily wih his eyes 1m 
2» coordhaxted raversenc, (4) to term hi ayer (or head 
ad eyes) voluntenly toward « fig or bngit abject some 
‘what out ofthe dive lie of vin; and (5) to wink when 
40 object, such as » hac or « boot, m suddenly brought ws. 
tomate eyes, Teats for the otber agedevels below three 
years are Jevcrbed ia etal in Keblmaa's manual, To 
Mostnte with « few examples, the normal child al me 
month should be able, among other dings, to nt alone, 
tae hus thumb se oppobiwon to Hit four fogerm and exch 
for teen objecs; st twelve rooaths he should be able to 
scpeat evo or three aylables, mark wth a peoot cn paper, 
and ditcrazapate among several objects such ball, ratte, 
and block, at aghteen mond he thoold feed hisuall wth 
4 spoon, undemtind simple questions, and show cotereet 
and roropmize familar objects we large colored prctures; 
two years he thould be able to obey simple commands, copy 
‘cinde, ieutate staple overseas, and recognize objec 
1 picture, such as a dog of a mae. According 16 
et and faures wich these teeth the ental 
Daby can be ealslated in the ame may ay that of an oder 
tld 

‘Aa interesting set of pecormuce tr for the young child 
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1 the Merrl-Palmer seria of texte drawn up and standard 
faed by Rachel Stuuman (1926) ueder the drecton of Dr 
Helen ‘T. Woalley. These tetts (there are mmetythrse in 
al) age grouped into m-ocath intervals from eighteen 
smooths to six yeary, that a, the Ses group of leven tents 
in for chien tightaca to twenty-four mosths adj the ane- 
fond group (tea texts) {or children twenty-four to thicy 
months old, asd 20 o9. The mental age of the cid cal- 
lated from the total number of teste op the semen which 
the w able 12 pam To uluvtrate the land of performancee 
called for, the average child of two to two and one-half 
yeaa expected tobe able to repeat four semple words (eR, 
dnune, ball}, to recognae bnmecf sa the mer 
uber lara @ bor in 125 seconds or fest, pot peyt voto ¢ 
board; pull» suck attacked to 2 streg in toward himself, 
tusmg one of both bande, arrange four cuber—of diferent 
finer all open at one face—into the form of a “an,” each 
cube bemg Gcted nto the ove tert larger in sax, attwet 
fox ove of wen aimple questone, eg, “What doe 4 kine 
say?" Waar uw cus (cha:t)?"} cat paper wth scimors; 
and repeat simple woed-groups, such ab “eee the pletty 
dalle” At it evideet, these teste mearure che chil’ ability 
(to recognize and mazspulate the objec of hit eevironmuent 
1 scanble, if clementary and wpe, fasion 

A variery of ample performance tert, mock uted wrth 
younger children, m ahows in Figore x6 These teste all 
‘oawure, im a general way, the child's mesculr develop 
and hand-eye coordination They auge, 105, bir perception 
‘of form and shape, and knowledge of commoa everyday 
thugs The Walkin Pag Beards (A ard B) set before the 
‘ll the tank of fining the sir sound pepe ip A and the six 
‘quate pega ie B roto the holes in the board. These are very 
‘any tent and ca be done by normal children from eighteen 
months to o¥o year: of age. They ave often ured af tess 
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of the feeble minded and the low-grade, The Nest of Cabes 
‘Tee (C) has been desenbed above. Bach cube it to be Gted 
inta the one next larger in wae. The average chs of 
‘to two and ane-balf years should do this (et in four minutes 
‘of Jes, In D, Pantoers Manin Test, the chid ia required 
ta Bt the arms, tags, and bead posces, whch are separate, 
‘onto the trunk to form x man. Tho test i rarely done cor. 
seedy by eukicen under evght years of wpe ‘The Mare and 
Foal Test (B) sets che task of feung certain cut-out pieces 
into their correct locations The noraal threeyearold takes 
five minster or lets to do this tert. The Seqaia Form-Basrd 
‘Test (F) ie the best koown of the many form-board te 
‘The average chid of three years can fc the Blocks into thet 
proper places m about two mncice The Boton Test (G) 














arranged im pars The first pair cousins of ¢ otrip wich 2 
bation wowed om it and « second strip a winch « bettonhole 
hat been worked tof the buttoe. ‘The next par of stipe con 
‘ul two butions and evo button holes, respecuvely, and the 
‘third paur four battons and four bert holes. The buntoming 
snd unbuttonng process is fret demoattrated to the child, 
who is then encouraged to ty x. A sormal child of wo and 
‘orerhalf years can utually do one bution, a child of three 
yam, two buttons, H, the Picttre Completion Ter, No. 
1, of Healy, ow uuable with children from about five to twelve 
yeart of age The cid w called wpon toil m certain euraut 
‘orton ja the picure with appropnate blocks wlected from 
4 eec tupphed by the exammner. There are more blocks 1 

fre needed co complece the picture, 20 that a real choses Tate 
bbe made ‘The text is fiat explained ad demosetrated othe 
HII. The score ie computed from the somber of correct 
placements. OF the trate shows in Figure 16, AS.CD.EF, 
and G wre sed im the Mertil-Palmer veri; D.E,F, and 
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are a part of the PietserPaterson Sole of Performence 
Toate, 

Geil (1935), ia bie statics of che prescbook child at 
the Peycho-Clise of Yale University, let devised a fvily 
complete schedule of vats end observant to be employed 
rth children from abovt one month to six years of age, 
Four felde of behavior activiuee aze sauapled: (1) Motor 
‘ehaowor, wbicd deals with moscular capsety, coordination, 
ocomocion, and the ye of bands and arse, etc; (2) 
ltenguageitvolving vocahxtce, word comprhession, ypsech, 
and conversation; (3) pervonalaocut Behavior as exhibited 








tm rexesons to persons, inmatve, play, vacial esperence, 
snd formation; wad (4) edeperee bekestor, concerted with 





sake proper adjaniments to 2 given anuetion, and se 
contd Getell’s schedule o not stent ik tbe ene that itis 
coucerncd primaniy wath devermiag the soental age. It 
Us tather a summary snd 2 daagoous of the child's develop- 
‘meatal tates based o3 physical and psycbologieal exams 
‘uo us well ar upon cical cbuervation. 


© 

‘Ae a rene of may obvervtions carried oot on very 

youag culdtes, Wasoe reached the condinin that there 

ace only three fuudasxestal eon, fens, anger (ot 48), 

snd love. These pomary enetional patterat, be says appeat 

at birth o¢ shordy thereafter. Watson's method of ertag 
for iu 





In eo, sed ete cyte Gs pied cn 
Jin every ease, an efor. wan made to deacribe the enction 
es 
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‘What imal, for example, will callout the ean of ear 
in the very young child? After workiog with vanout stmuli, 
‘Watton ducovered that mavarably loud aowes, pan oF jr), 
‘and the suddes loss of support cause the wnfaat to eatch 24 
breach, clutch with ite hands, pecker ite ips, and often 
cry. Theue sepontes cossticwe the pattern of what Wanton 
called a “Yenc-reaction” (sce further page 235) No other 
brought cut fear vo regularly and dehontey, for 
inatance, these very young chiliren were found to have no 
uve fear of the dark, of azimals, of people, or of the 
thousand and ove theage of which culdren are euppored 
to be “eaturally” afrau 
‘To bring out the exonceal rexpante of rage oF extreme 
‘Watton fousd  nuficeat to hamper er restct 1 
x movements x some way. Hold the chid’s 











ing of the 
crying 0 sera, and szupling to encapes Ifthe 
3c Kemp are usHsecesal the cid wil hada Broath 
or ezeam until x become blve with rage 

To very youu chidren the maotioe of ove, x» Wasson 
dete x m charactentad by weolcg, gure, and coog. 
Someumes the child mores ws ammo aud lege rapidly, and 
romeimes it het very ely the prtre of couteatnen. The 
‘Simul for love reapers ae teokag of the sk, tilog, 
pring, and rociag. Whea the child becomes elder, i wil 
Hold oue tn arms © ba taken by the ade. 

‘Au ated above, thew three enocians, far, rage, and” 
lowe, are balcred by Watson to be the only dciare and 
cleareat pererat ia what is leeedy called enocceal be- 
favor (oe pagen 234-5 ater) 12 eenetng for cher ston 
tions and objec which might callout these fcademeatal re- 

‘Watson decided to casey oat several tetsu older 
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eldcea, Le, Gove vaqnag nage from about four momtbs 
(0 ane year. All af the cles examined bad been brought 
‘up im the howptal and bad wever aren any of the animals o¢ 
other objects uved in the tc. 

iro, the child sas brovght foto the taboratory and al- 
lowed to sit upon the lap of su mother or an attendant 
Venous aounals were then prevented and the bab 
‘ens aoted, When a very lively black eat purred near by, 
the baby thomed no fear; nor did be shew any fear of & 
geno, a rabbrt, of « white rat These were all reached 
for, ane baby tying vo pat the cabb's ears into her mouth 
Je addition co the teats m the Inborwtory, cach child was 
ken tothe 200 nad allowed to get quite cote to the ansmale 
‘The renute was the name ux befare: wot the aightost fear was 
shown. 








om 


‘The teats cited abore are highly smeresting and at fint 
ight winott uabelievable. If orginally « Deby thom fear 
only when costrosced by # loud soe or when threatened 
sth Toe of sapport or whea actully tojared, bow doe 
our that older chidven and many adults ate af 
fof uo many the. the dark, snakes, dogs, bug, cuts, and 
3 more innocuous stimsh? The aeswer green by Witson 
that they have learned to fear these things, and that 
the method by which uch fears have beea learned is the 
familiar condivoned respocte (see Chapter 4). A coo 
_divoned response, as we know, it behavior called out by 
‘some stimulus other then shat to obick it was ovigmally 
Ddousd. Strike & dog with » wick asd yell “Go away,” and 
iv ls probable that at a later tme the dog will not wait to 
tbe struck, bot will rx when be tees the eck, ot even when 
Ihe hears your voice Tis in simple illustration af a condi- 
tioned response. Fear zed amzing away are brought out 
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in the dog by tiaul, sight of the wick or yell, onpually 
powerless to prodace these specie reacnoos {3 the same 
fashion, the fear of lghtamg 1 very probably aroveed 
the young child by the fact that lightning sod chunder 
oud nowsongoal atimulue for fear) urually occur to 
arether. Many examples of the axe land are cred eluewbere 
nee pages 96, 117-19). 

‘Watton deeded to s0e whether be could build up 1 com 
Aioned fear is che laboratory. Hie subject wae a boy, 
‘Albert B. eleven months old, and poueveed of a wold a 
Pblepmatic diaponcion. Fert, st was deccrouned by actual 
‘est that Albert was ect 1s the leset afrard of farry anima 
such a6 the rabint and the white eat Put them wabia 
teach and he immediately graxped them and played sth 
them. His rencuon, however, 102 loud xoive made by euik- 
fing 4 sel bar with 4 hametoer war diunctly one of fear. 
He would pucker up be lips, throw up ine army, and began 
to ery; then turn over oo hus mde away from the nowse and 
make off a¢ rapidly an be could. The problem which Watera 
vet was thu: Can an animal be subeurvted for the loud 
noice and thus hecome a fear-cbject? The expenmectal 
setup was as follows Bien, the white sat was presented 
to Albert. At ance he reached for it, and ax soon a be 
‘ooched 2 the steel bar was struck a heavy blow ost bebuad 
the chld’s bead ‘The fear reaction mamedely appeared, 
‘The next te the child reached for the rat the nore waa 
repented with the same reuait—fear was deiacdly shows, 
Seven days later the child eyed the rat warily when wan 
preseated, refvuing to touch xt Whee the mat touched the 
baby's hand, the head war quickly withdeaws, bot the 
child did nox ery. 1k was leatly apparent, however, hat the 
dil, while noe quite afraid, was not favorably inclined to- 
ward the rat. No fess reapaase at all was shorn by Albert 
‘toward other objects, suck as buléing block, which bad wot 
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been presented together with the nsise. Three more jouat 
pretmtatons of rat plot coue were now gwen, which were 
Suficent to prodyce unmatakable sys of fear whea the 
rat war later prevented alcoe Two more jon sieulanend, 
and the mutant the rat appeared an the wene the baby 
begun to ery and co crawl away 8 fart as he could. Five 
dayu acer the child was sil afeuid of the rat, 

To order to ducover whether thee condmened fear had 
spread to other objects, Watson chen trated Albert wih a 
rabbit, a dog, a for cout, 20d cotton wool To all of these 
the dhl was sharply organve: ether he cred or crawled 
ny of both in every case he refined (0 play wit the 
cbyects. None of there things, « must be cemembered, had. 
been presented aloog with the Joud nowe. Yer bectove of 
theit sicularty, the fear reaction bad been “transfered 
to all of ther. But no fear woe exhibred whanoever 10 
ilding blocks, the condiwened fear apparently having 
feud only to furry objects Wetion abd ct attempt to 
build up any rage feacucns expenmectally, evidently bee 
‘came of the danger volved ia dealing with exch reactions, 
‘ot did he condiwon any Jove reactions in the laboratory. 
Condiioned or learned rage reacvocs ate often teen, Row 
‘ever, a8 for instace when a child goes soto a temper-tentramy 
cor seramming fit in order to gt candy or some other dened, 
oben, orto gain his ende. We are all famisar, to, with the 
fave with whieb a child's love resctions can be transferred 
from mother to purse or to grandmother, depending upon, 
which one providet food, peting, and comfor. 




















® 

Sock experiments as those described ix Section (7) ace 
Gtincdly valuable in showing bow veeleas and even barr 
{ul emotional resposses to many innocent situations may 
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‘The dacovery of jost what cauter Tie behind such 
Tickenor and the formulmion of mechode of teatng and 
cradicaung them w a major problem forthe eld payehle 
gtr. I, morkaeg Backward, we ace able wo uocorzr the 
eaton Why 4 child w afead of 4 dog or « datk beliwty, of 
shy he w thiows tuo & tantrum by w seemoely inaocent 
Gorevestance we are certmly m a beter positon to dear 
the master up Much uahapprese could andoubredly be 
Dprevened s harmfsl habe cold be broken ep oF "econ: 
Traore” ta cldhood as toon a8 they appear 

‘Several expermentalwudien ofthe best method of em 
snaung or revadioeiag harefat habea have rcerly been 
tdertnken, largely at ae outgrowth of the wock we have 
deverbed. Anoag the move reteresung of thete the study 
‘of oxnatvral fry in chidhond caried ove by Mary Cover 
Jaues (1924) under the dance aod with the ude of Dr 
‘Watton About seventy cikren ral, fom thee to even 
months od, were the mbes These lee mere al beg 
‘mantnood in tm tsctition for the temporary cate of 
chldren; they were (rom fay good homes and were of 
Ssonmal italic a0 deterined by inven! mena exam 

tons. Children who showed ark fear of maken rat 
rabbit, (ros, “seae” fees (asks), Jud ound and 90 
fm were slate for ny. The mate abjec was the removal 
cof these unless and hampenog forms of behavior, Th fl- 
owing devenpuocs will weve to astsate the methods ean 
layed by Mrs. Jones 

1. The Method of Bhminaton throngh Dunse, Tam 
smethod fx prounded inthe comon opin that » cin 
fear wil gradually wear iteell ct, if the old i ehieldad 
from the fearinpiing objec. This may be true who the 
Jnuerval emads over long pecads of ume durag which 
cag We 1 Bs Fhe Pkt Coro nt Cod 
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the child grows and enlarge his expensences; bur it did not 
‘work very well m Jones's tests, which extended over several 
wwerks and ever octhe, At batt, qnonng a fe 

tng the ehild ftom fess objec would seem ‘0 be 
supid plan. Pears cannot all be 20 tested, nor can the 
‘ld be aluelded all of me lle. 

18 The Method of Verbal Appeal Ye a common sstump- 
tm of many parents that a child can wecally be reasoned 
with or talked out of his fears, of say, snakes or dogs, that 
by tebing nories woven around the fear-cbjec, showing 
tures, and the Like, dhe chs cunosty and anteret wall 
32 sulbcienly aroused to overcome hat fear Me. jonce tied 
bi plan woth « fveyerrald girl who extibced marked 
fear of a rabbu. Prctsre-books of “Prrer Rabbit" wy rab 
‘ots, aad stones were used to ereate interest an real rabbit 
‘Ac the end of a weok of auch treatment, however, the child's 
of the real rabbit was as strong x beiore ‘Apparenty 
verbal anuraaces are not tuficiet defeate aust 4 trong 
fear urge. Here acuont noc only speak loader thas. words, 
they apesk more trubfaly. 

The Method of Regaine Adaptation Neguiveadey- 
tatioa in pla language meana that farulancy breeds con 
tempt. The veg bebind the method ve thar the ebid wall 
finally bocome indufereat or ured to anakes, bugs, of even. 
“ghows” ua dark room, if sock awations are encountered 
cofeen enough. This seesmpton seems 


very much {oghtexed by a white rm, became 
scant, if not exactly fncedly, when the anual was often 
eep srouad. Thur method ‘acid veem (o be valuable of 
‘ed fnteligenty—ie, if the etimalations are oot t00 fre- 
quent nor too drasuc. 

4 The Method of Repression. Childces’ fears are often 
repreared oF temporanly biddex under the vurlace whea 
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they are ridiculed by otker children or by adults Livle 
hoy, paruculary, of around four or Sve and even younger 
‘wil ote make « brave show, thie deuze eat to be ecipred 
2¢ made to feet sferee serving forthe tme to overcame 
ther rat feehngn. Boe the sepreanon of fear in the way 
in dangerous busiest, ax the remedy way turn oot 10 be 
wore than the ong! aeeat Mrs. Jooee found that ic- 
(head ef being in,» feat was cften move srcaghy extreached 
sv cemut of sonal ndicule and teasng. 

5. The Method of Duirecton. To method, euch used 
by mother in everyday child epbnaging, conus in pre- 
renting an objec of other stiasles s0 proncuncedly pom 











sch’ far af frog or rae could be eomewtat lnened 
by placing toye and other dencable playthings neat the 
Vestal dacracoons, 105, ck x4 soothings, call 
tng the asumal by 2am, pouting oxt charactenstis of the 
“bunay” or “hopced” proved vif in indverag the Old 
to forget bm fee tm bia sew stereat. But, 20 Mon Jooes 
remarks the prsece of an adel (wbe dora the dnracing) 
tmvroduces 4 vanable face 40 wat it it smpotnble vo tell 
iow snich ofthe child's cowtdeoe doe tote tebance and 
truat whch ia plead ia the pretecoon of the Rroma-sp. 
[At bet naoch cme, te feat b nly temporary hghtened 
and moot completly overcome. 
6, The Mathod of Divect Condiuming, In. ti 
‘which haw aleady beta oodined iz Secon (6) above, 
stent 













fearcbject will brag oat » poutive rather then 1 negative 
cevera] experiments, Mrs. Jones ated food ae 
the peative sumuluschject w overcome a specie fere of 
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snimale, eg, » rabbi The procedere was to put the rabbit 
pon the table, ox wlach the Gal's ford bed been laced, 
at a tulfcieat Gatance not to sertere wh she child 
tating, but cote saough ¢o erp the eximal wll in sight 
‘AL Ein the child ate with » wary eye on che rabbit; and 
for several days thie costaved wu sothing bappesing, 
Gradually he aniosl san moved dover aud cater to the 
food wail Snlly tolerance changed to iodiference and 
sven 10 the positive reyponte of reaching and atrlong the 
abbr. While very successful In many cates, this method 
Texure the mon arf aang. Hea of the anal ct 
other abject i very antes, it may produce & neg 

sponse (0 the food, or wack valent cryieg 
to make the child Jl. If care and pavence are exeren 
however, it would veem to be che mort efecuve method of 
remonag selese and bampenag fear. 

7. The Method of Socul Straus. Mrs, Jones repoctt 
several canes 2a winch thus method wax vied succesfully, 
‘When a child covers that other chidrenmat well a6 
rowm-upe—are not fghtaned atthe ight of dogs, rabbit, 
‘bugs, and 90 on, curioarty aed selfasteroon are often power” 
ful enough «© uncond.cos hw fear wrhout more 10 do. 
"To owe estent thy is true also of adults, sles the feat 
be deeply ingrained we the result of vxne wiente experience; 
a else serves some vlerot perpose. Gul, for instance, 
no more afraid of wall asimals and bors thes boys up to 
the period of adolexence. Whes the “rrowa-ap” petiod is 
reached, gic God that iti cossiderad “feminine” and 
rather commendable by the young ales 
nd chow fright i 
ta developed. Tf ‘earzent sboxt ridding hinuel 
‘of « foolsh and usciem fesr, the orgieal enue must fit 
bbe feond and period of cceducation instituted until the 
earanmulaa becomes no loager eSectve. 
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Of che seven axethods extinad i ths eexion, undoubrediy 
the most practal are direct coedstionng and roca] sti 
Ition. While aomeumeos elecove aloze, verbal appeal, chin- 
inaton through dave, eegrove adapratan, repretnoa, and 
utzacvon ate probably mont Valeabie when employed to- 
‘gether wach the other techniques. Wisch method to employ 
will depend apon the kind of fear and ita intensity, as wel 

‘upon the eid’s general heath, incelligence, and exviroa- 
‘toental backgrovad Work on problems auch at cbexe i 
sodng on 12 many Itboratonee thronghout the country. We 
‘oa's studier marked the bepionung of the present wide- 
spread activity and saverest ia the problems of the pre 
‘hoa ld. 
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Chapter § 


GALTON AND THE MEASUREMENT OF 
INDIVIDUAL DIFFERENCES. 


o 


Ti cote Bagi wre Sr Frac Gaon (832 
911) 18 probably best known to peychologute av the 
poneer mudest of heredity and cesta smagery, and as the 
first mesugutor to apply wacster! methods rynemaucally 
to the problem of dferences berween indiiduale and among 
rroups Galton wan aot a pryehologact im che profetncoal 
ease, ax be never held aa aczdemve appowemest, oor did 
he eoofine humef to work upon defutely peycholopeat 
problems. Fe itccers were wile and varied. Asconkog 
to Terma (pages 24-25), be showed the marks of genus 
1a early childhood, and ho later versity, onginalny, and 
cue terest so problems of all sort bear our chs erty 
‘promine. Gala wt the founder ofthe eugenics movement, 
he tabled oat of the very tx laboratories (ox 1864) 
‘wherein mental and physical texe—mowtly of the sensor 
motor vanety—were gvee for a small fee, asd ke initated, 
as alrady stated, the satnteal sudy of sndivdual diflere 
‘The paychology of rndividual Aerences or “diferent! 
prydlogy” genecal wide the variations aod di 
indwndvala and betwees groopa in m2 
(raics and performances, 12 « broad seoee,indwidual difier- 
fences are the revate of the to opponed bur at the come 
Cie covey reserwoven forces of hereicy and eaviroument, 
ae 
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‘on, more simply, nature and surtore. Under the herd of 
acute we foay it such faces as smamedte aaceery, Ace, 
tex, and age; vader norore sow be iodladed all of the 
rocial, ederatiooal, cutural, aod other extiasic agencies 
wine afr: the indindval from forth vat dex 

One of the mos valesble tzrhmques wich bas been de- 
veloped for the study of iediviual oiSerences ix that of 
coreeaton, the fucdamental nocoes of wives were dcov~ 
cred by Galton and vaed by hom in bis stdies of the wher 
tence of trama, Cortelann it a matbersatia) method which 
cables one to necure x quantkave watement of the degree 
of relavoaship enstwg atmong the many meaterc of physi 
cal and enc eats which cam be obtained from indeidcals 
aad groups. Degree of relationship expressed by the co- 
clvent of cortelati, a rabo denoted by the tter r. This 
uo may vary from {00 (peter: relatenship) hough 90 
(20 relationship) 9 —r00 (perfect unense relabons 
Ja mance fay be demoed mot ol, pear, 
from auch a dhagear a8 that abowa in Figure 1 
nics sees tea) Naseer ath 
ot, and cepreseats grapheally the ceation berwecn the 
‘eighe of “rod-parent™ and their ada ofipring. Caton 
btained the eud-parent hegkss by maltipiyng the mother's 
hight by 108 and avecagigg thit valve wth thet of the 
father, The tame cortecion was alto applied to the beigber 
of the female ofrpmeg, ix order to give the Jane female 
heyghts equal wight wih thove of the males Au exch rade 
pareat in cousted separately with each offsping (of which 
there may be seve), che able shows many mere pring 
G28) than rid-parenes (2ag). The average hgh for both 
tid-parenta aod offeprag is dove 10 6856 inchen, and the 
horizontal and vercal les drawa through the diagram 
have been located at dis peist in each ditcowtion of 
eiphe, The valve of this “seater diagram” of corrdation 
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table ia showing relitiouship wil be easly gruped from 
an slurration. Note the eotry 54 near the center of the 
‘diagram, Thus entry u oppatite the 68 sanch entry in the 
smud-pareat column of heighs and below the GE inch etry 
J the ofepring vow of hewis. Thos mezna that chee thiery- 
faye adule ofspeng seth 20 average heght of 662 inches 
possessed mid-parcots whose average or mean height was 
65 iachen. The other catriee are ioterpreted 1m exci the 
‘Now coauder the eblique line dean actos the 
diagram from the upper right-baed corue to the lower let- 
Tine repreieet che ued of medi 










ven inthe fan clam of the dagram TH now 
ean beh of each group of offspring compared 
ih the mdepareet ght ia the sane vow, i wil be 
fee by reading dowe the cous that the adel ofpring 
‘on the average shay dow the and-parenty ia 
hela 045 732 < 725,699 < 715, 695 < 705, and 40 9 
cond the mea is reached. Aver tbe max, the ofpnng ted 
(o be shghty aboce their midpareats sm Ow, © 5 
658 > 645, 667 > 655, and 00 ou. Tht tendeny of the 
eight of ofapring © deviate away from the heghts of thes 
parent and back ward che revo heght of both parexta 
Aad adult children (689 tacks) was aled by Galton 
the Law of Flat Regrewice. ‘This law ie the exyrew 
tien of a satsral endency vo protect the race from exteaes, 
Te wl realty be seen that ualem some soch poeple hel 
tus—it ell parents (cnded to ave wil alee children aad 
‘hore penta stil shocer childres—we eboold toon have & 
4ce of giants on the ove hasd and of daria ox the ocher 
Undoubtedly the Law of Filial Regression must old in « 
sreral way for mental rates well an for phybial charic- 
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ta operation is exhibiced am the ralaely infer 
‘quent appearance of freaks at either exireme of the mental 
abliny veale, 

To addinon to the teadeney for the heights of advlr off- 
spring 10 vary away from the heghss of ther pereats and 
regrem back cowards the mean, st w endent (rom Figure 17 
hat the entnes ate clustered 10 the upper nbtchand and 
the lower leftchand vecuons of the dbagram. This means that 
tall mnd-parents tend in general wo have wall chdren and 
shore parents to have short offepring; ot, in other words, 
the heights of parent and ofspring tend (0 be related The 
bett single measure of thu relauoeahip, 1¢, of the teodency 
cof two tats to vary togetber, 1s the cocdicient of correla 
tina. Galton fit vied the symtel rat 2 messoce of the 
regresion oF reveruan of offepring away from the patente 
and back toward the mean of the whole group, 12 desenbed 
in Figure 17. The symbol 7 as wll used to denote the co- 
sficem ef eoccdlaton, although the sdea of regremsion is 
to longer neceasanly inipied by @ The mathematical desiva- 











2% Galton time, lnenally husdrede of corre 
‘been calculated, 10 that the relauonship of more of the 
physical traits tod many of the mental nes is. gow fairly 
‘well entablnbed. To Galton beloogr the credit of having 
Sat shown that guantitanve selanonsbipt between abiutiea 
can be calculated, and of having demonmrated the value of 
cottdation. 

Stee HB Gare, Sus m Pipcaley and Edearon. oe, 
Chap DL, oe Kj Heaager, Sanive Methods for Sader oe 
‘ato (apt), Chay 
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Tn stadyrag the problem of indiviual difercocey, i 
wellaigh imporsble to mvestgate the cle of extve faecore 
apart from & bow of seca! wfigecess vomeumes very df= 
tlt to evaluate, Thar (lows (vom the fact that sntvinac 
sqencis such a lmumedunte ancestry (kecedsty), sex, and 
race always operate m some defiste envrenmental secang. 
Because of thn the follownng discuston, attough devoted 
primarily to a ‘treatment of sative determi 
lese sight of uch condmoniog faccore at thoes of custom, 
tramng, and tradeoon, 

Tn hs Hereddary Gems, fre publithed in 1869 and 
faer im 1892, Galton attacked specially the quemoon of 
the mbentance of conspicuous ability or talem ‘Thu Wad 
the fret aacaveal study of the elect of immedite shen- 
tance upon achievement Galion selected for study 97 

saoneat Heish men, each of whom he judged would rank 
4» one maa 1a 4.000 sm ablaty These sclecuooe were bated 
upon a survey of the man's accomplubmente, upon bis 
‘ography, and upos all other avaiable formation Ameng 
thoue included ia the 977 were judges, eatermen, premiers 
of Bingland (com around 1766 to 185, coromanders, heerary 
‘and scentiic mee, poets, aruete, and clergymen. Galton 
‘method was to inquwte whether there mex had more eminent 























‘population. Hus Gad:oys showed that his elected 
group of 997 had clue relatives equally ax emacat a¢ thet 
telven as follows. 89 Iahers, 214 brothers, 139 sons, or 342 
all ar epasset« probable aomber of only £ Moreover, this 
same group had 203 equally exincot grandiather, grend- 
ons, uncles, and nephews, as agzest a probable number 
of 3. The probabilities of 2 and 5 here mised mean virply 
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tat the aesitical chanots are 1 and 3, respoctvely, that an 
fsverage group of $77 ten will bave eminent relativer up to 
Galoa'e tandard of 1 in 4,000. 12 another atody of the 
ishertance of arose abuity, Calton fond that in thirty 
armies wherein beth parents were areaic 6 pet cent of 
acelin see ami Ale iy tells ieee 
8 wan arust, only 2¢ per cent of the oflepeing 
‘howe atte sly Ober scan of related igéerdutlt 
showed a tendeacy for trace to be found in » Uke degree 
sm penta and olfspoog. Galton took these data to imply 
the great supenonty of heredity ever environment. Even 
the best envicooment, he concendsd, is unable to ratte = 
sman 10 4 pouton of emsence unless be pomestet aaturat 
alte of a bigh order. 

‘The statatcal arudies begun by Galvon were extended 
and increased in scope by Karl Pearses, Galton’s dirzple 
and, site 1912, Galton Proferoe of Eugenes at che Usi= 
vermay of Loudon. In one typical study, Pearson (2904) 
had about 2000 brothers aad ester rtd by their teachers 
for inteligence, wracry, couscentioussest, popslarny, 
vemper, sel-comscouscens, ameruenens apd. handwriting. 
To cach of these chararterutics, except handwriting and 
temper, the advadua! rated was described simply a8 faliog 
{nue the upper of lower group wath respect tothe piven cra. 
Correlations forall eight tacts averaged .se between brother 
and brother, 1 berween ater and sinter, and .s2 betweea 
roaher (er Pearson had discovered thut the correla 
ton between auch seinbates a» eyecolor, hatrcolr, beigh, 
and length of foreare, over wich enrogmest can have 
Tile if any effec alao averaged from .§0 20 55 for mblingt 
ae, brothers and ser). Fram these tenuis he argued that 
ince the relationship of physical trate mun be due to heted 
fy, and since these charactensacs wre a0 more highly related 
haa mental err, che coreelavon of the fatter mort alto 
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bbe basically the result of beredicary snfuencee, He writes, 
“AWe are forced, T chink Ierally forced, to the ooncluson 
‘dat the phynes! and peycbical characters ig oan are ine 
Ihented withse broad lines sm the same manner and with 
the tame intensity.” Pearion also found that revemblance 
in mental trate Serwees pareat ond cid ws exprened by 
an 7 of 150. 

Despus the authority which thete statutical ender carry 
‘with chem because of the emunence of that avthor, avert! 
Aigicales ane in accepting thes resulta as Sndsatiag bee 
‘youd question the predoonant snfuence of berodty over 
eevwooment upon achievement The Stat and most ebvious 
dificaly ms the erroc of unfir selecnon. Galtco’s choice of 
runect men wat almost wentably afected by subjecave 
facrore sych a5 personal buss and preferences at well at bY 
de relstvely greater accesnbibty of date ox some men 
than on others. It 1s extremely doubtful whether emmeace 
a4 weaveimay, which politcal snd sonal conditions play 
so large a r6le can be equated to eminence 28 en aruat 
of ata man of scence Agate, oss doubtisl whether 
man’s trye worth can be sotrecly judged from dhe length 
‘of bie biography oF from what bre contemporaries thuok of 

















Dum. And i i usnecearary 10 add that we do not know jure 
‘what part socal factors and farady tradtion, wealth, edu 
‘ave, and opportunty played in determining the emence 
of Galton’ seleced group. The error of unfase adlecton ix 
almont certinly proveat, 00, cx Pearion's rxbags For ome 





due separately of al che trots, thes giving a 
wsity for kee and dislikes to come into play. Fisally, 
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Pearson's owoleld desifcatoo of watt wat extrenely 
roogh, making chance eroce hghly probe. 

Sell another diffeuty whscd regularly ansen in eudies 
of this Kind wheres the quemonnaire method—~everted 
by Galroo—w used, or when canings are required, Nas 
heen often porated oue by Thoradike. Tha ia the so-aled 
Salo” cect, winch messs emply thet when wn mndividvat 
su raed for mecigeoce say, aod then fora muraber of aber 
tems, such, for astance, v0 reabiity, booeaty, and <our- 
ey, it ig nem to impomble to prevent hi fmt ta00E of 
ritcer from uoduly intlecncing the others. An oftqucted 
Muravon of halo w that of Rory (1921), who ees the 
care of a0 Amencas oficer va the Workd War wh, etbovgh 
fe of the moat mteligent man sm ha group ay mentored 
boy acy Alpha, was cegulaty rated low for inteigence by 
Ii falow-officen’ becabue be win x6 thoroughly diliked, 
Buprervon, iaerua, musaaderstcding, the vasuence of the 
‘cat 10 be rated, not to eaQion prejudice and eavy, re 
tnfleatal forces m produang a halo weet Beuide the un- 
lkncwn amount of balo on Pearvon's atoms it seers evident 
too that noch chacactactucs as temper, populanty, VvaEy, 
and haedwnung mort depend to « large degree upon heath, 
fame conditions, tramig ad degree of eumsleton. [ei 
amporubls, es, to say ust how much of Pearsons fe 
fernal corelason of 9 18 mental taste is the rent of ox 
Inve and bow much of eavrcomestal factors 








o 

Jo spite of che obvious lmatations of this exsly work, 
rongly suggest that, of nt entirely correct 29 
fraterea + of .$0 to heredty, Pearion was 
cartaly entirely night in empbaccaing the greater potency 
of heredity over eoviroument. One of the most exteaarve 
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af recent soverngasoas beanag oo this tape  Termaw’s 
amady of ited ebldeen (3925), menccoed bry eeewhere 
(page 29) an credence thet Sigh sntligence ip probably 
inhented Ie wll be rearabeced that pied eid iy Ter- 
san’ see mane 3 chid wath an 1 Q af 230 or ahove a 
“Ternaa’s ave cxpecanenal group of Gye cdr, seveny~ 
three famuies comtnbsted two plied chidren, and ne 
{amen contzited three oF tore. The aucnber of fomalce 
sn which two boght chideen were Josad mut mote th 
taco umer the sumber whic chasce alee would all 
Nearly one fourth ofthe member of the Hal of Fame we 
felted vo he group, whle many of thew peat and west 
relaaves bold or hive beld major polincl oe, college 

rdeasen profenerehips, and woporane bunsett po: 
ions. 

"The adh Yearbook of the Nauonal Sonety for the 
Srudy of Edueauon (1928) conte ouny Valuable stubs 
of the celatve amporasce of ratore aod aurwre HE 
Joom, for maasce, reports » stay of 195 famer con- 
ining 317 chien all of wher bud been bors and reared 
tm catal eertons of New England The general iealligence 
of patent and adult spring was measured by the aray 
‘Aipha that of the younger chidres by the Stanford Re 
‘osion'of the Binet test. The sample selaed for stady 
‘eis paruclatly good, unce covyeamental foadsuoay els- 
‘atioe, bome traisieg, azatements, and church infencet 
wwete doely scalar for all ember of the group More- 
fore, all of the mdovnoal tested were matve-bore whiter, 
ff old Amencas (monly Brink) wock and only Eg 
veut apokea 13 thar bones Correlations berween brethert 
ied autera were found by Jose eo be 49; between futher 
and chid, 1, and between mother aod chid, 55. The 
ule are Very meant sdesticl es facet thote 
a Feanen. Wockng wth = group of mite than 1200 
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ublingy all high echool stodeer, Thorndive (in thie tame 
‘olutse) reports 4 correlation of Go bexween ubling exores 
con 2 bactary of tents dengoed to measure geueral ability 
‘Thorndike remarks thar sf Peanon's coefficient of 50— 61 
for iblings 19 phywcal ern ia accepted as giving the 
undiluted ative or inherited resemblence, thea the effect 
of the environment 16 to rave the wbling correlation from 
($2 10 60, Promded that .s2 sealy repreacnts true native 
‘evamblaoce, this reruit asmgza a exceedingly meager t= 
uence to eanconcient 

‘Teo very extentive des, both from the 27th Yembook, 
‘beanng upon the influences of wmedute ancertry and 
aurtute shosld at lease be mentioned before lexving 
opie. The fret deals chuely wath the undurzce of eavran- 
‘meat upon the itcligeace of children Te was conducted by 
FLN Freeman, KJ. Halsoger, and ochere at he Unversity 
fof Chscaga. The second deals eqpecally wath the selative 
fect of nature and aurture spas setclogence, It was car 
ned oat by Barbara & Burks at Stanford Univerery under 
the geucrah sepernsoe of LM. Terman Both studies 
make ute of foster chldeee, and accept the Suford Revision 
mu their gandard measure of gepera! inteligence. Fouter 
‘ikdrea were selected for seudy because ther Souter homes 
‘are wevally superior co theie beredity Tht gives the ioe 
‘eenigator the opportemsey of seeing whether toch children 
will show an 1 Q corresponding to their heredity, or whether 
their wupenior eavironment will operate to iacremse their 
TQ. In the Chicago stody ic was found that children who 
were teated oa bewg placed in fomter homes had gained 
on the average seven peicts iz IQ whes retested after ebout 
four years of rendence. Children placed va superior homet 
(tbe trator of the home was meanured by cermin rating 
ences) guined about ten peines of TQ: those in below 
average homes, about Sve poiate. The Staaford mudy found 
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an average guia of five to wa points of 1 Q as a result of 
teens good Sve me, Bob of eee wae gre 
therefore, that an average ome environment my 

the TQ five to siz points, while 2 superior home m 
reste it atl more. Ueloruestely this condsace 
uuray cert, omag to the ma0y voceatralld focors 
‘which eater ato the ebowe ofa foster eld, the uncertainty 
of the beredey of many of the fowter children, and the 
ddificoty in eatabiabig wth exactcude the coltural wars 
‘of the foner home. Certainly, however, te weight of evi- 
dence sndlizes (@ the coaciusion that eevitonment hat ft 
smarkably lle eect spon general melhgence, 









w 


"The mort direct way of evaluatieg the weGvence of m= 
rediate ancestry though the wtody of tons, nce twin 
repeat che nearest approach to sdenval heredicy. Heze 
yon Caton war the power. To bie Fagerwr ino the 
‘Hamas Faculey (1865) he gies aa satersung aaratve 
account of his vudy of tw resemblance. Gaon elected 
dca on about eighty pale of coe from tenchere, fend, 
parents, ard the fwoot themcvct. There reports ae inthe 
ature of stoves, anecdote, and the hk, for the most part 
‘teeuiog the prevalect fee that twos are much move tlie 
jn mental characcrnice than blngs. Galton's recacde 
Ihave fle scenic vatdny, ia epite of thar httical in- 
tere, a repo ellered from uncaned obververs are ioe 
‘arubly colored by all sor of eempermental and eno- 
tonal inferences Tt sbould be ected, however, that Galion 
did dingisd beowecn frterel acd eomenteral twat 
Fraternal of non-destical cwaw ace realy the result of 
sauldple bathe and develop fom two fertlizad ora. They 
sry be both of the sat fez oc of the oppoite sex. Noa 
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{rateral or dental enine are probably developed from 2 
8 are abways of the same tex, Ther (en 

ag, tad 2 often dificult to wll hem apart 
dy im 1905 was the Bret quantitative study 
‘of meatal reverblance wm terns He measured Sty pair of 
‘wine og au mental texts, companag the coreation berween, 
their wcores with the correlauoe of siblings oo the sume 
tests. The #s for the twans ranged {com 70 to 0 with a 
mean 20.98, while the #4 for wbligs averaged around 30, 
‘Thorndike nex dinded ins reuae sto younger twit 
te eleven years) aad older twins (ewelve to foarteen years) 
and computed correlations among his ax terts for the «wo 
lsroupe eeparatey. The average 7 for the Younger twink was 
3, for the older twas 70, mdscatng that older twin are 
no mote altke thas younger twne ue che functions 
ured by the tent. Thorndike arpuet tbat sf revemblancey 
Derween cwin-prs in sental sbiity are the result of com- 
‘man traning and common surrouedinge in achod and home, 
the older twins ahoelé be ore alike than the younger, 
eapecally fo thove rats exuck unBuenced by tsasmng, Since 
bin rents show the oppoute to be true, be coneludes that 
‘the cance decidedly favor commen heredity at the cause 
of twin retemblance 

Many careful stedies of twies Rave been made since 
"Thorndike’s seudy with more cases, becter techmaue, and 
beter (eta; het the results are not far diferent from hit 
findings. Mecroan (1924) foued the + betwees 1 Q (Sean- 
fort-Buuet) for fory-eeven twuss five to mite years eld to be 
Tor téty-eghe ewe ten to ssteen years eld, 76 Lauter. 
bach (1025) using eweaty-oxe tate and arc team pais, found 
that lke-sez twat (probably nox-fratersal or dential) exe 
ruck more allke mn Goth phyncal and meatal charactersice 
‘han unlke-tex twine (probably fraternal or noavudeatcal), 
the Inter beng scarcely moce alike then siblings, The 
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erage ¢ for seven memal vate was fo hketcx twine 7, 
for ualike-tez teu 41. Euldreth (1925), using many meat 
uremencs, finde the average correlation for twiss to be ap 
prommattly 75, for ubliegs ebout so All in all, these 
suds of cwins indicate que definitely (1) thet twins ste 

general wore able tbax wbliogs, and (a) that sdesucal 
fwrne are more alike thas noo-ideabes!. The diference 
‘between the Ps fr enentl trate of around 50 (or ublings) 
and. 75 (for twins) muy be reasously sterbuted to the 
rmoce nearly idenucal mbentance of the twi-pain. 

‘To wummance briefly what has beeo ead vt tbe hs 
asctions, it may be repeated that most careful javesgator. 
are convinced that native factors—heredity in general—are 
{far more potent thas eavuronmencal agencies an fring both 
the watil amount of an indbvidvale aptutodes and the extent 
to mbich thete may be developed But no one would 
the fact that ne matter bow great a child’ poreetut at 

staelf adequately unless much coviren- 
diveane, cruel veanment, and deprvaton 
from normal comacts are defnrely negligible or are not 
resent at all 




















(o) 
Competent savestigatare who have atudied the question 
‘of differences in abiity between the wees are coavanced that 





‘on the whole auch differences are small; and that, when 
they ext, are probably to be atinbated (0 a complex of 
temprramental and socal factors rather theo to innate 
vr beraditary diferesees we capacity for achievement. The 











women entering butinem oF the profewioes; the tradtomal 
dex of what coostuater 2 man's work and of what can- 


tutes 2 woman’s—all of these things bave 40. colored 
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the whole quence of sex dilerenest ia mental cx 
paexy that aa unbsised conclusion ix exiemely bard to 
each, Sull another complication reel from the exciveve 
t8le of worn as mothe and gure of ber afeprng. One of 
the easiest stadie of sex 4Gerencey in abiley was cone 
ducted by Helee Thompton at the Univernty of Chcago 
1m 1903. A vancty of texte were employed, socluding eat 
ies of motor ality, ueaory aeony aod ducniinasion 
and intlleceal atshey, the whole batery requinag between 
‘teen and twenny hove we admnsec. The subyecu were 
tweneyve men and rweary-Eve wares college undergradye 
ites, beeen the ages of orenty and tweary-fve yearn with 
st few exceptions. The results of these tess suay be sua 
rarived bnefiy ws follows: In motor texts of speed abd 9¢- 
ceacy of morerent, except speed and accuracy of on 
scrondieg to color, the men did shgbdy better 
thin the worten; 12 seavory tents of wanel, tare, patch do 
300, and accuracy om yudging weighta, there were 
no diferesces, n tens of rote memory, the women were 
ighiy Bester chan ihe men, im quecmes 19 slvg "ioe 
arenony” problens, the mes ‘were sighty aberd, It must 
‘be ecphusnecd that is nearly every case the overlapping 
was very arent aad the diferences exttemely stall, OR 
of them being vareiable In no cove did the poorest member 
cf ove group score higher than the best of the other. In 
shor, the differences enhie ether group were very Buch 
vente thas the diferences berwren types! rember of 
the two groupe: the gap berwees 4 high-asking man sod 
ss low-eanking tas wen much greater Sa the gap between 
the average mae and the average woman, Thompion's 
rovpe were Kghiy slaved, acd cher aml aze los 
cansidertbly the geaccal applic of her Endings. 
Pearson {tgo4) in kis stndy of the reacblancet of tb, 
‘mentioned before, had brothers and vistere cated by their 
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teachers for tuch atttibutes 28 atbletie aptteds, intcligence, 
‘shynenn, good temper, sud conssesuoounear As alreedy, 
pomted out, Pearic’s results are open to the errors of 

and misunderstanding hkely to afer all ratings, but 
eapre this ther (rend sm general ia probably (arly sadi- 
catve of aby matked dScreaces between brothers and sit- 
tem. According to Peatton's Sadings, boys are more atbleve 
than gils, more nowy, more selfcantoous, and guicker- 
lempered; gla are mare wehaed to be shy and are more 
conamentowe Boys and guls were about equaly inteligent 
4s judged by ther teachers. 

Hundreds of erin of vex diferences bave been made 
fo sof i ee Ge yee wold bo 
Impotnble to desenbe all of them bnefy, and im 
tues ot worth whe. In gesera, diferente repomed be 
‘ween the sexon have been aml) and often directly contea 
ory. We shall try to rummanze what appear to be the 
major and more rele findiogs onder the following head, 
flerences in physical characteristics, iSerences in seanory 
‘rata; diferences in motor and methamcal abiioer; difer- 
ences va mental and emouonal trace must always be ro 
membered 10 what follows that, when one nex 1 anid t9 be 
“better” m some performance than the other, the memmng 
intended» better om the avecage. Jn no tar ie thert a3. 
absence of overlapping of male and female. 

2. Sex Diferences m Phyneat Trous. Unt puberty wt 




















‘eaght of the body i ie beanes. Women bave ¢ faster heart 
beat chen men, and their nmple reBcxes are usually faster. 
‘Mum have larger muscles chic women, aod excel thea in 
fate of exdarance and phyneal strength, 
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3 Sex Diferencer eo Seusory Teaitt. Tens in the fed 
have wrvally given amall and often contadacary result 
‘Thore are probably no ral difereecce beowees women shd 
mea Yoeal 202 subtory acoty and ducrication 
Women are coosstenty fnter than men a2 decnminatng 
Aflerences arog colors aed ve quckness of peteption. 
‘Mea yudge difecences sa weight womewbar beer than 
‘women and sand pave beter. 

oy Sex Diference: mm Motor and Machameel Tras, 
‘Women ae consntently fatter than eo in cancllation tee 
‘There are no real difereers we wsople motor functcas sch 

tapping nod teases. Boye ate near always better 
igus in pecforwance tate of & ounipaatve tort, i forme 
Koatd tite, and traci mace. They wre also superior i 
tents of racchanvcal contacto, mechanical aptude, a 
lovledge of mechan chngs Mach of thie difference 
siodoubeediy the raat of txiaueg wad the eazy culuvaton 
of very dillerene venus, Boye ate gwen mechanical toye 
tnd bicycles, gets dois and wearigg apparel, 40d auch 
‘age toon come to be wenuiied ax belonging property £0 
the fale or to the female sex. 

“p Sex Difirencer in Mencal and Emotional Trou. Mow 
nies agree ie reporuag women at bever thin men it 
reaty all weve of memory. Girls alos alwaye do beter 
‘han boys om voeabulary tots, we well et 00 fete Invaving 
language umage and verbal snocaton. Terman foed gil 
slighnly beter than boya oa the Staniord-Bitet at cach age 
¥p to fource,« rnult which may be de tothe lange verb 
content of the tert Boys are fainly conastenly beter 
tev raveinag aurbers ad spatial concepts (of « peometsc 
ton), and in avicumene reascmg te. Mea urully do 
‘etter than womtes on gener] sxlomeabes tes, owing party 
sn dosbt to ther greater apportanity for contacts te ti 
busnen and profesional ves. [a group ichgence sets 
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there are o reliable diferences m favor of exhet sex; he 
tuperionty af high school bors over hgh achool git some 
Sines reported 3 probably to be caplaied by the fact that 
high achod) boys form a more highly selected group thas 
high school gle. F eped boys drop ont of echo! exer 
and more often than supid sls, the boys bo nurvve 
igh schoo! wll be, oo the average, somewhat beter than 
the gira Gute are defiseely und cepsarty better than boy 
fn schol work. Tha has bees explained at dve to the slower 
phywica development of the boys, co the greater downy of 
{he gids, and to various temperamental factor 19 welecing 
potential gemuser Tereas found that 547 per cent 
were boys and 45.3 per cent gus. The occurteace of more 
very bright boys thes very bright ule har bern commented 
upon by several wvecigator, and bat been atinbuted 
torne 10 the reputed greater varubiity of the sale vex 
rental tata. Grester vazabuley o olen woold meaa that 
amen range higher (and of courte lower, too} on a sce of 
Inelecwat abiiey even when che average cian apd the 
average woman are aboot equally endowed Greater vate 
bity would account for the greser munber of male gea- 

and for the greater acheeremest of men in genera, 
‘This in a very neat explanation, bat wace equally competent 
inveuigatordupave the endence for grester varubiny in 
the ral, the isue i by no means ted. 

Studies of nex dilerence ie erecuonal and temperamental 
‘ara have given few defite and conustest res. Women 
‘are reported w be more anteresced in persona and personal 
problems, mex ia acuvitos and mechanical gs. Studies 
ff sex diflereaces ia free astonaton méicatt a tendency 
for wamea's aociaias to on ere to pero 6 
aad to coverete and individual problems, while men’s 
Savion exhbe rather un weizren. co bowness readoon, 
moory-making, aad graeral apd abstract matters Dale 
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eaves ia conversation and sa preferences for books and 
pictures tefler 19 many thinge bexder the ser of the ab- 
Server that any diferences found are acareely to be at- 
tributed to x alone, Wamen have been repored to be more 
spulswe thas mes; more introverted, Jems gwen t0 exer- 
foresight, but asch atptemants ace Ietle more ches 
opimoos. 

Meat of the aruda of vex diferences are open to one or 
both of the fllomag crocus. (3) tbe sumples are often 
very small and many tunes are selected by diferent enter 
and (2) many of the tests used to measate ablisen are 
rebable statubeally, xsd the meseing of ther sores iy 
cera To any, for inatance, that boys are aupencr to gic 
in “logical reavcuing” meats Inte ween one Kaowe the txt 
from the tensla of whick thie conclumon was drawn. The 
‘only qeneral conclusion that ove roay draw from the mans of 
women are usualy beret i tena of 


























Toraaace snd eaipalave (ets, and to the 
veah sproal concepts of x peomemne acrt Whatever the 
foundecauant say be (and concesably they could be 
tary) which gude parets and edocor ia plaesng sep- 
sate courses of study for boys and gir, certanly the ae 
timpevn of marked difereece > mental absity need play 
10 amporans part ia them. 


o 

‘The sady af indwiduel dfferesces which ative from re 
smote ancestry oc rapa exact 3¢ compliated even mare 
than the question of vex diferences by prejudice, bia, 
preconceived sotioo of supenority and inferiority, and 
special pleading. Toere in dificaly, 109, in dling just what 
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meant by 4 “ace,” because of the great sdeimcre which 





great racial groupr, Novés, Alpine, and Meduerrapean, 00 
the basis of diferences 1a cye-color and halr-color, stature, 
head shape, and other axatomical charactersucr, then élmort 
very national group w & compound of all three of there 
setae The modern Boa, for metasce, are Scandinavian 
Nordic, Normao-Fresch Alpine, and Old Celue Mediterran- 
‘ean, one of the orker stron beg dormant depending upon 
‘he section of the country selected for siady. The modem 
Germane the 
Germs 2 Alpine 
and Medivereanean. Probably the Swedes represent a8 pure 
4 virsin as any, boueg very lergely Nordic 

Opimrons on race éifereacee vary ali the way ftom 2 
firm belie sa the sative axpenoncy of cerca groups (urually 
including one’s own) to che diametrically oppored vicw chat 
here are really 20 Berediary racal difereaces, such d+ 
vernves at appear being the resol of wade diferences ia 
coltury, land of educavon and teaming, uadsnoas, cuntoans, 
relative lation from other groapt, snd chmane and geo 
graphical factor. Galton wae a fir believer m race difer- 
fences in mauve capacity; and it was to improve hia own, 
race that he iniuated the cugenicx movements it 1883. 
Galtoo concluded, a8 a result of bis obvervations and exndy 
‘of the history and accompluhmente of the diferent rect, 
repore of travelers, and other data, that the Negro is 
grader in mental capacity below the modern Englthmaa, 
‘who in tur is two grades below the sorieat Atheniaa, 
Greek. Galton's scale of intellectual sbdxy contamed vxteen 
apa snd ranged from very bigh to extremely low cxpaciy. 

‘Both Galton’s conclusioes and bse acale have been cnt 
‘Sand, the latter on the score thet it ia arbitrary and sub 
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joes, che farmer on the sore that ti nt jntable co 
ompere tact onthe baee ef the sonter of moot men 
produced, or tome of eppteat progreaty Bate, for ont 
Ahan, iis hard to dese progret and fr athe, socal 
Sondtone and chmatic sed pegrepiical lcroone cannot 
be equied Grosted that cut w uodeoubly trv, would 
ttc nevertle tht wade vancoooe on ecomplahment 
Tad whe bulegap ofan erdered evhaed ite mon ro 
deeper then the efece proceed by satstouent and el 
fares Prbably a6 coe oeld cootad scomily thet the 
untlus Beste hay showa the axe captcty {ot 
fchrevement an the preven sababants of th eoety, oF 
that Aircon enbes hove sbown the sae aputade for ec 
tile aventi may, te mere Germacn In ther wordt, 
‘Gato coon that thee ae sxove &ifeeaces 10 
Cclacual‘capacey beeween caer far removed from ca 
other on a scale of accomplhahment would certumly seem to 
‘be justified As Thorndike apy remarks, “Common obs 
‘ato ofthe Aloe tad the Europene or eax decder 
{ha the les rvpenee oa mc, eaerpre, and we 
tehance . ono races ated not be equally ged beenae 
tach cea well dapted ta envrennect of the wean 
foe har by aapenor enterpnse sought out ‘or crested 4 
‘Bore exacing bur alto tore emeberauve caren 
ee the Beamon iy count al that he neds to covet, 
ibce to pot towel Go & pommon thet mend algeboe and 
alee tay lef be a symptom of aapeioty » «The 
ery tact that» certain te seems eainir tothe Biches 
‘nay be evdate of Ma inferociy” 

Wide drverpeces a core wad atnizment betwven racer 
ara nt to Gia expla The real trwboa 
‘atig to wha come we ry sie el aa wariable 
‘ifereneey foetal, measereets between two real 
groupe So far, here is bo way of leoag astve Scere 
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{rom those of trining end eamreament and i¢ ay wall be 
‘ae no method of dang tha satalaconly wil ever be 
foved, Diferences it langoage offer a coundersble cbvtace, 
t well ac teats which meas one thug to one group and 
nother und difeeat hg to waather group Culare and 
convention—habis of choughe and acuon ued manser 0 
limng—eary wedely, and ster infuencey ae nex 10 10- 
pombe to evaluate Thus wel dowtrated by Boats ex 
ample of an Jealan child wha 12 a prctwcecompleton tet 
ut ervaiix over the door of x houte fom wich the 
macy was mionag? In Due childs expenence 0 croix 
‘eae more neceuary to. house than « Ghmmzey; and hence 
fw reponas a vi of bm backgroaed, was a0 tnteligent 
ou albee“wroag™ rom the pat of ww ofthe test 

Hlasdreds of dies have been made m an eBor 0 era. 
sun the tofueace of rac! extcroe upon. scuevenens, 
‘Wobour sampung to dwciss more thas facuon of ten, 
‘re shal try m the net few paragraphs to give thowe sels 
Which teen tobe want relaby etablahed, Stdies of rm 
Ue pecplen 3 sn the pooeer sey of Woodworth made 
st the Be Losis Expontioe m igo, indeate that there 
faces do ot difer markedly from the modern whe Euro 
pean or Amencan sn keeasese of yanan n hearing, fs vena 
Bway to pais and prewure, or 1m dehacy of vhin and 
muscle teens, Form-bord texts (toe page 14), designed 
to gauge sacclectuat acovty of « wnple aod Todimentary 
ert, brought out mo reluble dierences becween wits 
nd’ many een cultured folk wer at Eskanoe, Ted 
Fiipwes, and Seghalese, bot the Negnéo and the Pygmy 
(inca res of small satote and extvemay low citse) 
4 0 beter as low grade or even umbera wher. Since 
the fecblowinded white dffer leant from the aormal in 
*Pewecoutee imu we drat 2 ih sedi eh ok 
whee pyar 
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phyrical charucteinica snd moor sbiliien end. mort in 
Inaquege and veal usage (represented by the sock tes 
fof geacraliotligeace), this revat maken it appear probable 
that the inedleesa) gap between the cvinied white wod 
thete primitive folk iv duty wide 

a Amenca a great macy acsduen bave boro made of the 
performance of the Negro ox mectal tet, and an 8 revult 
‘of there the inferonty of tbe Negro to the white ia mental 
Abviny hae been frequently ssertod. It + extremely bare, 
however to tll how rauch of the Negi’s apparent inferionty 
‘ould be aterbvted wo a lower socal satu, unualiy a2- 
nor tainieg, and lack of opportasity for wide contac, 
"The face that the Negro soldier eared ch the average lomes 
hae the white oo bods language and noo-anguage teste 

at been dicuneed claewbcre and seme of the dficltics fo 
accepting thet Gnchog at face value baye been indicated 
(pages 40-42). Mayo (3915), fa 2 stady of negro igh echook 
students iz Now York cy, found that oa the average they 
feann «schon longer thse the whe; they average sbout 
sever months older than white etadexts judged to be of 
apprametely the sume tooal stztus; and they are some 
‘whut inferior in ehool work, cay about 30 per cent 
evel too becer han the eversge white stent, Mayers 
negro ntedents were more stringently elected than bis white 
students, up only the wore ambisous and able neqrocs, 
cvoaly, remain in bigh schoo; heoce the iterionny of the 
‘negroes it probably even wreater thas. hia fgures indicate. 
Ferguson (1916) administered « acmber of mettal tea 
‘white and negro student in three Soucher cies ian core 
tw wtudy abilities lese complicated by socal fecwre chan 
School marks. Ou thete tex che negroes returmed pete 


























apparently the highest degree of white blood approsimated 
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moat dosely to the white sore. Oa the whole, it ix bard to 
(ee how diferences ia eslecuoe or in socal tans ex acoount 
{or all of the dilecence found ia these studsee, although 7 
aught very we accouns for pare of w. La ewo later nudes, 
AHL Arias (2521) and D Scnae (3924) have found {ainly 
‘onsstene défermaees in mestal performance un favor of the 
‘whites over the negroes about a8 Large a8 those of Ferguton, 
and Maya Arlee mzenes parucwarly the neces 





‘king accoum of vocal mates. Wheo white and argro 
childeen are really equated for aoc) status, abe ways, the 
supenomty of the white ¢ such reduced. For example, he 
{oud that withia the white group only there wat « gup ix 
10 of thimynthree points berwees thase chidzea from very 





nd negroes, but ic sunt be acted that even che “afenor” 
‘ety interior” whites are slightly abead of the o- 


roe 

(On the whce, one mur adit ches the negro mensares 
coonstenty below the white om tesa dsigod to gage reo 
lal abiliy. Whether thie difereeces ate ciel oxtve or 
‘hiely enviconmenal, we cannot at prevent way, but & tea~ 
twoable view in that eative diereaces play nose part. Th 
dows ot alter the fact, of coure, tht becuase of the over 
lapping of tet score, masy asgroes return acores much 
Deer than thove of whiter whove scores are average oF 
shove average 

"There have been « few stutize of temperamental difer- 
acer between nogroct and whiten Ie one study JR. Me- 
Fadidea and J-F. Dashieh (1933) fornd enalt and uerlable 
‘aiGerences ca the Downey Wil-Temperament Test, ster 
deigned to measure temperamental and iopulve trite 
ACL Crane (3923) hat ated co compare experimentally 
‘he fear reactions of negroc and white a a boatory dae 
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ation. Fs teat comated in sreasunng the abilty to inibie 
she withdrawal ofthe hand from as appertces when a weight 
appeared to be faling upea it. Aldiough exch avbject had 
been anrnced thar eo harm wool? come to bir, maay were 
spe th fact, to keep from palling vbe hand away 
(Crane found among the whutes fewer complete wthirawale 
‘han among the negroes, but 8 greater tendency to withdeaw 
shoma by aml tentatve movements, twtchings of the 
‘kom muscley, and audden catebings of the breath. He con- 
foes are more given to sudden and over im 
palnve reacuoas, the white beng more imbibed, and I 
liable wo ceset volendy. 

‘Vanous studies of the American Indian and che Mexican 
indicate that they geaerally ecore lower then the wists on 
both verbal and sonceerbal tens There we fariy rehable 
cevideoce that mizad-bloo Indwns are sepenor 10 ful 
bloods (W. S. Huser and E. Sommermer, 1972), jort 
‘ulatoes are in general eopence in mental ret perform 
ances to pare negroes. A part, at leat, of the Tndiant’ in- 
fenonty im mental tata hat been chown by Klocberg (1 
tw be temperamental, the rere of 4 very diferent acticude 
roward Ide, an well xs diferent adeas of what  wzportat 
tnd valuable, Induct, for watasee, whe much slower than 
‘whine cildtea on Rlineberg’s ens’ (tomy form-board per 
formance tents) wese conastently more accurate, the neod 
for speed! making 20 appeal to theo. Oreatatt, japanete 
and Chinese, who have been certed jo Amerie are Late if 
‘All ferior co the mative whstas, given equal opportunity 
{or edvestion and contacts with Americaa fe. 

"Tue comparative showings of vanoas Europes sational 
‘soups on the army “combed wcale” har bees. presented, 
duewhere (page 42). Diferences 10 eclectiog, ix language, it 
‘urtoms, and ve edvcatioa and outlook prevent say defnue 
Aecinoa a4 tothe superionty or iferionty of » given axtional 
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‘prmup. Thoagh rtiable statistically, the differen in per- 
formance on the “combened act” are actually small, Many 
dies of the clea of forege-bor parents in New York 
Guy wad elaewhere agree fuuiy well dat Laban and Potth 
‘Galdren bora im the United States tor constently below 
the nauve-tom whee, and vhat the Jem ehld it not far 
below and 1 oftes eanacerably above the performance of 
the mauve wbte Ia Ine wasn group of gifted dhldren (see 
pare 43], Terman found that about 20 per cect were of 
Jean etiracto—nearly twace the nusber to be expected 
‘rom the proporuae of Jews is che cues covered by 
wurvey. The largest per cext of Terman’s group wer of 

fetish and Scuuch exacuos, the percentage of Lan 
blood being very low Thus finding agrees xn the svn with 
the army revuls, but again we eaonot be eure that ‘Terman’ 
aclecvons cepreicat samplogs from the same intellectual 
sata of the fore countries froma which the forbears of 
these chidten eae 

‘Probably the mow salutary inaprentioa which » reader can 
carcy away from 4 survey of the mudics of acl 
4 better apprecation of the dificaltves encountered, and of 
the practcal impoanbiity of reachneg 4 rele which can 
Aebattely be attnbured to racal ong alone. We wtzete 
gain diflerenees in Language, 2 contomes, im colture, m at- 
totude, m schooling, and 2m sonal, econo, end geographic 
condicians. Ano, che dificelty un eecanng comparable numplet 
3g the reeaning of cat eiflerences cannot be 

zed 1 posible thar trve diferences between 

races ab such will never be found, but only differences bee 
‘ween nical groups, oF groape af somanthat different racial 
fongia. Future workers will do wel to aveed fale comps 
sont sad usjurnfed ferences from uerdiable testy, from 
est which meatace very varcow funetioas, and from very 
call groupe 
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No diseumion of wdnidusl &Berences would be camplere 
smithovt at least toma accoaat of Calton’ work on mental 
‘imagery. {2 his stodien of the preseace and amount of 1ms- 
_gery, Galton osed hs now faraoue “breakfast ble” question 
‘alre, m which each subjec was asked to call up a puture of 
fis breakface able as w appeared in the morning and to 
report whether the objeas seemed well defined, eatural, and 
‘comparable jo vividness wah the actual cbjecs, Many of 
Galton’s aubjece were sciennsic and acholariy men, who v0 
rurpriae reported an atrost total absence of visual ime 
sagen. Other subjects, however, eave very different accouat, 
several reporting that the objeca on the rable appeared sn 
retragpect tobe aa real a though they were actully presene 
before the eye Galton accounts forthe feeble vial uma 
ety of scents roen a8 4 group in the fallowing way: “My 
‘own conclusian la that a= over-ready percepoos of sharp 
‘mental pictures it entagosstic ¢o the habits of highly gea~ 
ceraheed and abstract thought, expecially when the wept of 
reauening are carried on by worde ax eymbolt, and that if 
the faelty of seeing the prtares wat ever poustuted by mea 
who ink hard, very apt to be low by dewe 

‘Although Galton veered to believe that a lack of imagery 
is largely a reste of one's teasing and Bi manner of think 
ing and woriang, be found coanderable evidence thet this 
traic 1 at lear pay heredaary. Thus, be found that i 
‘wends to ron in famubes; ic « stronger in the feroale than in. 
the male, also it  szonger is younger than sn alder persons. 
Tmagery, according to Galtos, is aot corcelated woth ex 
‘ence a8 & puter of ab an staginative whiter. Great tod 
dual diferesces exist m ead and amover of mental 
imagery. 

‘The study of indivedeal difeceaces, choogh ax yet in ite 
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rmfancy, has progrested far beyond Galton's pioneer work. 
Tews Gale's sovenvan and use of statutes! technique 
Dhawever, and hi genzut in setng problese that gave the 
Impetus and showed the way to later worken. To quote E 
G. Boring, Galton wes “the father (sm large part) of mental 
smeavorement of individual deerences with retper to ta, 
+ and the originator of the questionnaite and the theory 
‘of eugenen.” Ava pioneer in thee various elds, Galton’ 
flac athe binory of modern peychology sce eared, 
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‘Chapter 9 


CATTELL'S STUDIES IN THE MEASUREMENT OF 
REACTION TIME 


w 


INE of the most cbrioes and direct ways in which the 

metal procestes of peceeptoe, dicrinination, wad 
choice may be ubjecid to quactuatve mtody to meanure 
he tue m taken aa indemdval to respond to a gwen object 
‘or ilu, oto percave and report apon the hikeneies of 
or dierences betwern veveral somuls Beeaute of thi, many 
experiments in the prychologia! Iaberutry have bets cot 
ceraed with the meanurement of tie of reeponse, oF rese~ 
son time, iy wich the nceurnte recondieg of the time ine 
tervemog betwets the appbeation of « atanulus the round of 
a burer, ay, ad the objecive response of the aublec, ef 
Iiieg the finger ftom am electric hey. The presery interest 
cof many experimeaters hax bees in the establishment of e- 
‘ction time norms for varius kinds of ail, vi hts 
fonods, and rouchey, and sa stadyingindivvdal éferences in 
the tume of reachon to such asmul. Others have studied the 
eect of diferent stimulus cosdicons—tbe aubject meao- 
while beiag kept relatively “coostant”—by changing the 
gual, intensity, or duration ofthe amuloe; or by stimoe 
lating diferent parts of the body, and, ia the case of light, 
for example, compariog the efect of stimulating the reins 
at the forea, and at varying distances from this cemnat 
porst! Sul other workers have savergated the efect of 
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ask relatively constant, In tha way cam be measured the 
effect of drugs, feogoe, pracuce, ierotve ad paxbment, 
tod wthet factor upon the reaction urce of the mdivdoal 

‘in Aenea much of the inverest i te8C%0 time 3 y= 
chology tay be traced to the work und inlcence of James 
MeKeen Catill, Cate! was ote of the frre Amencaa r= 

ats to take low doctor’ degree in. Words laboratory et 
foweruty of Lapog. This taboratory was extabluhed 






. Cartes dinteration wat prnted in Engh 
under the utle The Trae Taken Up by Cerebral Operation! 
and was immediately followed by other important reac 

ume studies. Duting hit thity yeare at Profenor of Ps 
chology et Calumba Usiverary, Carell and hun students 
publubed may invesngiboss of the mtssurement of the 
rmenual processes. Many of these studies wl be derenbed 
later on i thu chapter For the present, Jet us cousder the 
inlucaces which prepared the way forthe interest of pe7= 
chelogiees in the Gime measurements of mental phenomena. 


&) 

‘The ccaction time experiment has 2 long and ioterestiog 
bimory. A tary which dates back to 1796 tell of a0 valueky 
sssltant ia the astronomical observatory at Greenwich, Eng- 
ad, who leet his job because be pervirtenly read the pase 
tages of tas acrom che meridsan with too large an error, 
his reaction tie oe “perianal equanen” was abnorally 
long. The frat pabication ofthe results of comparative tate 
shownog arly lasge and perstent wndividual diferente i 
recording the tranas of stare wae made by the German as. 
‘ronomer, Bestel in 1823, too late uafortunstey, to mare the 
dow reacung aettant meatoned above Tn 1850 Helmboli, 
‘the prest phynalogat, ceed che reaction ane method te mex 
sna the speed of nerve conduction. Working with the motor 
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serv ofthe fog, Hale wznulated » nerve arached to 
rmotce at » post some detasce from the reacang mnsce 
‘The ume ttervenng berwern the apphestion oft smal 
and the movement fa the mace war tcorded, a4 wat 310 
the shorter umesterealeapacg between the 

‘etomolan nearer the mince and the appeatance of move: 
teat, The derence between these wo reaction mes geen 
(he vine taken by the impulse in trvelng along the acre 
beewcen the two posts of eamalavon. For the fog Helo 
Ilr reported the apend of motor serve conduction wo be 27 
tuetan (about 89 fest) per second, in man be calalted 
the peed of moter nerve canducoon by the we rethod 10 

38 about (vice ogre. 

“ela so applied ls method to the mexturement of 
senvory neve condecwon He awamed that f two poms ot 
the une renvory nerve oe, say, 08 the fox, and one on the 
‘Upper fey, were somslted ss woceanoo, che reapoae in both 
caves bog the sane, the diereece wy reaction ume wold 

of he ue tates by she impale it. roa 
the oarve length bewece the two wblaed pat. The ree 
tule of theveexperimest, however, wete xo vatable that 
th deermsuxboan were bighlyeaczrta No doubt the main 
reson fr thin varabilty are the wany indences, bok 
faciltting and labibitng, whch the impulse aust undergo 
jn pewnag through the aeeve centres the baie and cond 

‘The ray mvenigascas whch flowed thoes of Hela 
lolz gave rents forthe mor part widely divergent (00 
fon fetus aad fom each ber. Finally, fa 1853, Cell and 
Dolley publubed thet renearch Ox Reaction Trmer ond the 
Vedocey of the Nersoes Fmpalie, the mest thorovgh vaveti= 
{aon ito the problem of nerves sducton in men by the 
feaaion ime method. Carell end Dolley applied dectca! 
‘nul at two pois on the median nerve of te arm thy 
ceatineten apart, end at twa polate oa the poster tial 
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ierve ofthe lg fifty centimeters apart. The reaction meee 
‘ment war the meme for all stiewh. Large varietons were 
fouad in the velociies ofthe searory smpalne uv vo meawured, 
the umes beng 31 meter per second for one observer, and 
465 meters per socoed for another. Contiderable va 





1s well, wan encouateced 1a each obverver, These rete fed 
CCarettaod Doley ro nugget that the diferences in repetian 
tune found rune be doe, not to differences in the speed of 
the nervous impute, but to the varsbety of the central coo= 
snectone mnvlved, a8 well ab to qualauve diflerences in the 





cither hand will react mote quickly when i, rather shan the 
ther hand, is sdinclated. According wo these sutbors, chs 
bvioualy means thet some seasot-motor connections, rg. 
possibly to inzate linkages wad iors probably to practice, 
‘re tore closely Init than otherr, so vast the ceacdion time 
ting even hen the sem lenges of nerve ber ix traversed, 
Because of these compheatoas ia che central connections, 
‘Cautcll and Defiey coachaded that the weary of the mervour 
fepue cannot be adequately meznared by reaction time 











the apéed of the nerve umpule in the buroen to be aroand 
130 meters (about 394 feet) per vecndi* much fauter th 
the times fovnd by the earty investugators who vied react 
methods. The speed of the ventory aerve proc 
probably ebout the vame a8 that ofthe exo. 


yy 

‘The ficet mdice of the peyckelopcal factors influencing 
sample ae wel ae compler reacuons were chose of Donders 
‘and De Jaeger in 1865. Tn the simple reacson expenment 
"tee Herch, CJ de fatten ex Newslgy (394), 26 204 
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ss vow set up ia the laboratory, the mubject knows before 
hand what sdnulus be wll recere, a for example, « fash 
cof Upht or a sowed. Hie snstruccont, vazaly, ae to make a 
Slagle prescribed movement, such as funy the Sager fron, 
an eecine key as quekly as pocuble whe the stimulus 1 
inven. After pracice, the sunple reaction becomes Lighly 
‘utamatie and almost reSeuve. Ie the disenmunatve £0- 
scuoo experment, as deved by Doadery, wwo cumcl (¢ 8, 
‘aro notes of diferent patch or two differently colored lights) 
‘ae employed, aod the subject in icutructed to retec (0 the 
‘one and remate quiet tothe otber. When, wo addsuon to the 
two amub, the subject w given two reaction key 

structed to react with the mht head i oat wt 
pears and withthe fee if be ether appears, we 
tng to Dondery, beth “daczimuation” and “choice 

‘Doaders, as well as other exrly worker, believed that by 
subiracung the simple from the ducrasnative reaction tte, 
‘iseneematica umes could be abuained, and chat hikewnne, 
boy eubsractng dicrimsmation reaction une from ducomine- 
tom plas choice, “wi” or “chore” tunes could be eecured 
‘Ths procedre is called heunaten by sobueaction Tt a3- 
umes that a comples retponse wt un cealny a simple tee 
‘ponan plas certain added exneral processes, che time of which 
may be determined by aubtcactmg the tise of the sale 
rasction. 

Carll, an early a0 2885, the view chat a 
cerminatne feacban way be analyzed ito a vimple reaction 
plus some more or less constant wil time or percepuge time. 
He accepted there tubtracted times a nothing more then 
veld measures of the mcreaged complensy of the real proc 
xy, or of the increased diicaly of the tank. Other iavesti- 
tion also quertioued ciaiaation by sbcaction at a 
method, notably Erdmanz and Dodge (2898), and Ach 
i903). The letter, expecally, argued that the diferent prep- 
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aration of the subject for 4 sample and x Grerininatve 
reaction made the two very diferent peycholopically. Woes 
faced by severa) aumuly o¢ given the choice of weveral re- 
sponte, the scweton, anal Ach, i very diferea from thst 
in the simple reacuce ume expermest. Ax a renult a dlfe 
‘ent acutude i at up In the eubjece, ao chet the whole procett 
1 efferent end aot merely the central part of it Moroaver, 
aan was urged by ether expenanenters, there 








on time experi 
diferent from that of Doaders, and also from 
tanation advanced by Wundt. At the reedy mual, 
the subject, m making « anple reacuoe, concent 
‘by aetestion upen the tumult winch eto appear, ew red 
light, or an elec ahork, and upan the Sager which to 
act; heace the vervoes pathways between the eye oF 
shun brain» finger are expecally well prepared or open 
whos the atimutas comea Iq the diseamisative or choice 
experiment, naturally more ewitchea and more pathways 
muse be “tee” hecaune of the increased complesity of che 
tueuation, Thu ietroduces an element of avopense of inde- 
ramon which in tam necemstates greater preparation a 
makes for 4 Jooger reaction time. Woodt had regarded the 
‘whole reaction process at analyzable paycholagcally rato (a) 
perception of the aemulue, (b) appercepticn (Wands tera 
for the recognition or clett pererpove of the stnaul), 
4c) mill or the releate of the impulte to reser Thi 
aid Carel, while descripuve, ie highly aro 
‘don, ar the Gear recognition of the emul 
ffter the reaction has been rade, whale wil ex 
she preparation for movement and becomes leas an 
factor an the reactions grow more aod more automat 
Tin justi to Wend i should be sand that, while his 
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aaalysis was probably mote elaborate than in ancestry 10 
Aesctibe dhe tomewket aroical iboraory expenaaeats oo 
reaction tre, i docs fe gute well the unprepared reacuont 
of everyday lle. Suppose, for iatance, chat 2 ebld rua in 
{roa ofan exconiag steeccar, aed thatthe motorman cuts 
‘off his cuceat and apps hs Brakes jun in time wo prevent 
an acodeat. Here, wt Wed’ terme, we have perception of 
6 chld on the track, apperception of the danger in the 
situavoa, 42d wil, or the release of impulses wich stop 
the car. Bet chere peycholapea!proceser cannot be analyze 
cut 1m any suck clearest lashin io the sirup Ixboratory 
rituavoa of lfong a frger from an electne key an 1008 8 
‘ne hear 4 sound ot ses light; wor do they appear as nep- 
te and debact procentes when reactions beoome habitual 
sed sntomatic an they are for expenencad azeetcar metor- 
men, 














w 
‘We have aces that the ample reaction time expenent 
‘meanuces the tame-iaterval berween 4 wngle and oft-repeated 
ut aed a peescrbed and constant retponce. In the 
‘unl laboratory aetaup, the subject ete ach his foreinger 
Aepreanog an electne key; ad at the appsarioce of the 
jvulus be reacts by ifoag ha Sager from the key at 








Quickly an posible. Various method bave boca employed in 
the laboratory foc messooag che tmme-intervate between 
stimolut and respotse AI‘ of these make use of a cbrono- 
ope or some ctker Sme-measutig device The Hipp 
hronoacope, a0 instrument hick measures in units of 201 
second" fae perhaps beex est widely used in the pant by 
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sed hu studenta The Bergstiom (a pendulam) chrononenpe, 
And the Duslap chranorcope, 1 mate receadly devied in 
runent, are also widely vied, ube later bavingalenoat 
Aloplaced the Hipp ia reaction time work A diagram show- 
Ing the complete vet-up of » Dunlap chronowcope is abowo 
a Figure 19. In edition 1 warrumental mentacemests, 
fraphre records of reacties tise may also be vecuted by 

tn elecincally driven tonimgstork and a moked drum 
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apparatus. A toning-oce which vibrates to times 4 second, 
tet to mark off 2 timeliee on a revelvng drum, 
Beneath ths tmoline the appearence of the stemulus and 
the eabjee’' reponse are Teoonled by eam of lene 
markers. The graphic method in sccarste and ie ohten uted 

't cheek 0a other methods; but tw 00 low aod cara 
tome for pracucal wotk. 

‘Al of the apparaton dexcribed shove may be used ia the 
mearurement of compies xs well xa ample rercvons, Expen= 
‘oes ia complex cencion tine may be st up either thropgh, 
the edditon of exe ana, or through the employment Of 
‘ose then oot response, That, io the Donders ducevins 




















lon ice Te sna antag 1 








records are obiained sm only xbout one half of the 
Te Donder'e ducewmiaation and chece experiment, two 
timuis were ecployad and tmo responnes, the acbject react= 
ing wth the nght band if the ove surealue eppeatod, end 
wrth the fet hand af the other appeared. Hearoen, ote of 
Cattle early students, amplified and wapraved this pro- 
cedure by an arrangement im whch two stimuli were always 
prevented nde by nde. The subject was inetrcted to react 
to previously deagaated eomulon wich bur nght baad 
appeared to the nght of the ches, and wath in left hand if 
‘appeared tothe lef of uke ccher. As wll be readily surmined, 
‘eachon ume i considerably slower whes the comdioone are 
to compleated than whee ctly one wimelus and ane responve 
are employed (vee page 217). 

Reaction ume i soll loager [a the suodative type of 
response. Here the simel: may be words (or Ltt of words) 
to which the subject i to reace with the Seat mond which 
‘comes to mind (ree anceaten); or, the subject may be in- 
iructed to give the opposites of the stimelua words, of 

















whale, adjectize-noun, verbabject (controlled sutocation). 
‘The color-naming and form-namang tes ilostrate other var 
rictes of controled amociauoa. The wos! method ia ar00- 
Gasive reiction ie to take the eal time required by the 
aubjecc to give the coctect respoeses to a list of words and 
then deteemme his average reacuoe me fer exch word. 





‘The cnefith second stopwatch in urully exondered to be 
socurnte enough for reacuons of thi land; for ner work, 
‘ouestundredth second electric wop-maich may be employed. 


@ 

"Theve are many conditions which indvence direcdy the 
speed of reacton bendes the complenty of the rtunclue 
response sicontion Mont of thaas factors bave been studied 
i one Une or another by Cattell and ha acadents, a6 well 

fdings 
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‘The slow reacoon time to taste end eral i probably owing 
to the chemueal nature of these aezaes and to ure eflculty 
ia getting atamut: directly to them The “ree nerve end- 
ingt” of the pais eave are furl clove to the rurface, but 
sce relatively slow to react The fact that hot and cold ati 
mast act by conduenag eat or cold mie the ekin to the 

nvocy end organs wll cbvicutly tow up the reacoon time 
wo such come. 

‘The part of the veate organ etimalated makes a difer 
ence in reacuon ume sla Pofesberger (1912), « stadeat 
of Cattell, fovnd for example that when the raven is simny- 
lated with a ght beam at poxnts to the rpht and left of the 
fovea, the 











faster to ou apple to the band han wo emul applied 
1 the forabead of fot, a4 revee probably of doter nerve 
‘Ser cousecooos in the fee mstence. 

2, fwensty, Sac, end Duretion of the Semas Catell 
studied the iadvence of all chee of theve factor upon reac: 
tion time as ealy a1 1686, but more accorate work waa 
ous tater by Frocberg (1997), under hs dreevon, Working 
‘Wh graded Spe inte (ight rebel from gray an 
white paper), Froeberg found that the reacuon ume in- 
creased, but very slowly, as che intenuty of the hight de 
treated, When reacean Sone to 4 grea foedtom iteasty, 
{or example, was 19} the reacton to « somulue one 
> Dright, creased by 30, while the reaction (0 
sclenulus one-tenth as bright was wesesved by 17 ¢.' 
{ener cesle wat found when the nae (aren of & equate 
























sine changes. Frocberg found aleo that the reation time to 
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sound increased faly rapsdly when the intensity of the 
sound was demicuthed. 

1h The Forepenod end she Reactrag Movement. The fore 
penod, that the utsesaterval Between the gnsl “Ready” 
and the presentation of the sumuluy, ix quite umportant sn 
reach time work Durag the lorepenad, the subject geet 
tee" 40 ro apedh, prepared to zeact to the expected numulus 
an quickly #8 peaube. If the forepecod 1 thor, ve, lees 
haa oot second, the wubyecr may be canght before he 
entuely ready, and in consequence react more slowly th 
‘usual; if the foveperod  leog, ay ten seconds or more, the 
‘ubject  Dable co foue bie “edge” and agais react too 
Alomly. Cattell (1886) placed the optmucn forepenod cows 
‘wont second, This interval, he ward 8 about as loog as the 
ferve cemers can be kept in a stave of preparednens, longer 




















Jnvertgators placed the bese forepeciad at from two to three 
seconds Bretmcser (1911), working m Cattels laboratory 
with improved technique and more subjects, found the 
‘optimum forepenod te be berween two tad four seconds, 
‘with, however, come indiradaal dflerences. This determina: 
‘aoa as been venbed by Woodrow (1914), who found two 
seconds alvo to be the mot favorable foreperad. 
‘The mfuence of che reacting movement upon ume of 
response has already been touched upon. Enher hand, for 
tance, tetpoads more quekly to 2 sumolur applied to st 








Steel, it was discovered ther the band does nor maintain 
‘steady pressure on the reacting key during the forepened, 
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On the contrary, there it « focoxton from sroager 10 
weaker pressre the key eomeumes being completely te: 
inaed to awe + “premacoe” reason, Whenever corte of 
Suit cb ec «Sg py rope 
inay esnly be prematore, ay when a canner wpngr from 
i mack beloce the agai gen. The Yale expermetere 
found, 100, thar ofco the Brae resctooe of unpracied 
sobjeca tow 4 quck depresnon of the key before Ie 
felamed Tina covae-movemest take tint and cater 
{venty vows vp the rescton, Wah proce tend 19 be 
Inhibued favor of the core relate movement. 

4: Prachce, Aexton, Dutracoas, and Panga, Paci 
cording 9 Cate, bas Ile fect spon te of cespomne 
after the first few trals, mm which the subject's reactions: 
often vary markedly. The eect of dutcactuons, such as the 
beating aft metracom, or the perfrmance of nent! ad 
tion dinng the expentiene he found ao tbe eesnly 
tly prom the wobec were pty pracned, For the 
first type of dutracnon the reacuon Dime may vocrease {roma 
2 10 10 6, dor the ascond from about 20 to 30. Woodrow 
(1914-1936) bas invesngaced with much thoroughaess the 
‘Mlb ef etantoe aod praence in reaction une. He found o- 
fcton tne 19 vary cooarderbly with the amour of ates 
tion pven the tank Deprevofeteabon wat meanred By the 
Prolengetoe in reacion ume bro sbut by trang 
forepenods of varriog kop. For atmcl of “modecate™ 
inten, Wendrom rapt the sae accion 1 be lest 
{fected oc touch than for aeund ot ight. E. Beane 
(asi6), wang Sasing lah, rows ad tack 
inaction, foond hat these eaneoss fac 
the reactoo tne masked at fit, bo that the 
frat much lemensd ih taiomg, Both tained and tm 
Urine herve ce adecnd by the dinracons,howeves 
the prestnt daicbaocr oscoriog when batk the diverts 
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si the wimelun to which che subject wt nutructed 9 oe 
‘pond fected whe same see organ. Cael and Dallebach 
(iyi) found alo tary in. general, daurncnocs tend 
lengthen teacuon tae, the increate for io observe 895 
Ing trom 3 «to 370 Fugu, erage} soough bas 30 smart 
aepluble cfece upon reacuon ime In hs own case, Call 
{oand his reaction Gime to decenve ery agitly even aha 
1 day of coouosous reasons 

5. Incentives, Punishment, Drs, and Apt The fect of 
Incratveencouragement ot md’ prute~upan reaction 
is to increae about 8a" Negabve sincere, of p= 
ea, a8 for example gvng the vabject ab secre chock 

ais to react walne & ive te, sperde op the reucvoa 
time 200 oF more. Droge have « varable efect vpoo re- 
scan Ge. Coles and tex appear to shorten, emall doe 
Gf aleobol fiat shores and thes egthen 1; orping 
frher, aod chloroform eaully Ingen te Av might be wu 
Used, ome of response 8 slower and more vaneble an 
od gs 













o 


In addivon to the factors disconsed 1s the last seein, 
ther sull another determinant 19 teaccos me experi 
aieatt which has excited much controvery, and which ie 
important eaough to be conndered wt some Ieagth. Thi 
‘har to do with the direction of the subject's attention, obi 
acieude during the expenment. Several early work 
reaction time in Germany, eotably Lange, ic 1888, ob- 
served that whea the tubjet in « simple reaction te ex- 
Peciment direced ks ateston epeciically owerd the 
awared stimutos, bos tome of respouse san conuderably 
longer than when be fixed her attention spea the movernent 

Jakamaen AM. The Inferno Ieee nt Pune 0m 
eran Trt (is), Redon ol Pp, 
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to be made, Lange called the Sit kid of reacion “tea 
tonal” and the trond “munca” or Soot” The fem 
ype of response, he sad, w always longer than the second, 
the difereace bong se much ar 1008 Tee dsacwoa be: 
{ween tenons, or tein, rerpones snd foto respontet, 
‘war tccepted by most canenporance of Lange w vahe, 
hough the Gilerncte owed were ext aye rest 
In howe found by bee 

lange’s Atetion Theory, as ths new was called, wis 
challenged by Boldwia's (1895) and Flouruoy's (3896) 
‘Type Theory These two workers found among thet b- 
jects tome whove cotor reacioms were fester chan ther 
Aersory reactom and chert who give gocher ecnry Te 
‘cwooh ham motor reacuone They mugged, accordingly, 
het indnduale are axtvey veaseey, mor, werent in 
‘ype, aod that each type Macs at hi best wen alowed 10 
(Glow bis aataral davon. Thon, wile scoping the 

acvon between teary 238 moter reponse, Bali 

Ad Fooraay reach a very diferent concanon wth re 
(ard ta the dicrencea mu oped betwec the tw types from 
Taco Laoge and bs grove. 

Soll a tard explacnon of the ference betwen sea 
tory and manor eoponct han been ven 
{er and Labitetion ‘This was the view a 
in 109 and by Angell 2d Moore we 1808 
20 reliable diereocs between the nary tad oto ypek 
of rexcuon inthe eave of pracined abververs Wiehe « now 
fubyect in sensory or rotor atthe star, beaut isp 
{Cater of the entracuone given, ween) discon of 
‘tenon and proven teiogy alee pracice, there te 
too diftrace berweta the two atoceder Later work, dane 
by Becitwines, weder Cals Green, tended to ction 
thi views Breenes ft tok along acre of reaction 8 
tore of whch hia eabjecs were vecbaly ierouced to gre 
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seosory, nod ia others mtr, responeet, Follow these ex- 
periments Breitwieer feed the attic of ha exbjee 000 
the sensory or motor eategory by menat of the flloming 
Ingesive aestgemet To acre x seaioryatitude, be pre 
sented wemeumes the coe snd sometines the Ober af Eo 
only near som, and roqured ha tbjems, wlter 
fetiag, to teport whch of the two bad bern giten. Tho 
fncenttated close attation to the sumulas. To make wire 
thar the reacoon was f the or type, Bretmese ted & 
reaction Ley which vaned somewhat va the reruance whch 
icelferad tothe sabjec’'srencong Ser. The rubyct a3. 
sructed, after vespandicg, to tll winch of the two reutt= 
ances (the grestr or lent) had been eployed Here, day 
coough, 1 war the racing movement whch weeded ope 
asxeatn, Finally, © order wo gearatee 2 nein of df= 
ferent atutude, te subject war warructed to report alt 
rach reaction both on the Key premure and the deren 
in the tu 

Breswoeer's rau iadaated in general very abt nde 
‘vaniageaverupag about 30e—fot the vecbally structed 
taotat over the verbally vatroced vemory reacuons, He 
found litle difereace between those seavry reipoosea ia 
‘which the wbyect wat verbally vnracted to attend to the 
fruralu, oe forced to stead. However, the verbally i 
feruciad motor responses were smack foster (lack, the 
Fast of al) chee thove motor reacvons ia which the sub- 
ect was required to repor upon the key prevare, When the 
Ibjct was iertruced to reper Both upon key prewure and 
tosaulus diferene bu reacon time was the owen of al 
the vine being altons as great as at ina discriminative 
recon. 

‘The upsbot of the whole coatrverty would seem to be 
(0) thar there ia» tel Section berween the ventory and 
‘moter atten, (2) tha ustmined subjecs are probably 




















Cotell’s Stndies in Reaction Time 235 


for the mort part ventory at the star, becoming motor at 
the novelty wears of and the need for dose atreaion 10 the 
supulus becomes les, and (5) that the motor, being the 
more highly practised atatode, i the faster type of responte, 


o 
Cautall was intereed wot only wn the medy and analy 





and attosiatve reactoos He found, for example, wade varie 
ona inthe ume ie takes pertoes to muluply two numbers 
presented at the tame twoe, and that oe can name objects 
or plewres ia bit own language more readily thea in # for 
ign tongue. All ths seems faity cbvicas, and ta probably 
‘ua more thaa one might expect But many other findings are 
Dy 20 means 40 erdect. Thus, Cavell fovad thot whea 
‘word indiesting 2 par of en chic i che stimulus, 5, 
‘oof, ie takes Torger to give the name of the whole abject, 
8, House, than to gove the part whes the whole it pre 
seated, eg, penad—pont. Alen, xis eater 10 go f:0m 4 pe 
‘al te a more geocml clas, cg, casual than in the 
reverts drecton. Opposes ove the quickest reaction tues, 
‘but there wary gresty, the difecencen bere, wt 10 the other 
‘ates, bang dive largely to dalerences in famibaity, coming, 
and frequency of usage. 

Tn other experiments with words and Language, Castell 
{found that wile the reaction twee to a angle word expored 
























alone w about x60, thie we it to 200. per_word 
hen a cece of words is exposed topecber. He feud slo 
that higher speed of ceadhag per word as secured when to 
swords instead of ane are presested, three inntead ef two, and 
© 00 op to four or five. These reali, taken together with 
‘aperiments made with the tachimotcope in which it ha 





heen demecstrated that one ca2 group a6 many a1 two or 
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thee words together in an instant of expssure, lndiote 
‘quite dearly the greac importance af cuerlagpng in eBinest 
verbal reaponec. They show, too that an mndidcel' re 
aacooa to a phrae oc senttoes composed of several wards i 
‘ot imply the suex total of he tne reactions to the reparate 
‘words, but in rather the responte to a group of words ulcen 
4 larger unit, This suggeas dearly shat growths wo reading, 
ability, a8 well in any other bghiy azled perfommancen, 
amuse be dus w the fact chat reacuoss are made to lnnget 
tod err rp of Ineo ot wi Re 
lasger unite eater into the performance of the 
Wied eyo or wleprapher wall aso that of the 
Jnghly tuned munca playing (com score. For hue expert 
‘menu with Iaoguage, Cattell deved a hp key and a vowce 
key, both of which were dstinet improvements on sims 
devices uted by others in recording ora renponsen. 
"The lave serien of expenmence which we doll describe 
is that in which « new peyshopbyncal method, the “ducrieaix 
avon (ime enethod,” was eraployad. This method was de- 
vised by Cattell ro 1902, aod 1 based upon the atsureption 























time to perceive them; sce, ex general, the wmalier the 
iference, the longer the ume necessary to perceve and 
‘react to it. The moat important study by the ducrmnation 
‘ume method ia that of Heamon (3906). Henmon's method 
(Gee page 207) was to preseat two stimal simaltansondy. 
‘Teo bays were ued, the mubjec being sostrvcted to react 10 
fone of the two stimuls (which one wax previously desig- 
‘ated) with the sight band sf ie appeared om the nght, and 
‘with the left hand if appeared on the eft. Fer example, 
suppose red and bles aze the (wo imal, and the subject 

Jaws been inatrocted to react to red. Uader these conditions, 
‘when the timufi are presented Ure eobject murt react wit 
his vght bund when the red isto the vight of the Blve, and 
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with bie fft hand when che red 1 tothe left. Some Of Hene 
‘ua’ setulta with colors appear beiow. 


Coloey 10 beduscrominated 
"White aed Black 
Red and green 
Rad an Ge : 
Red and crange (eiined wah'ss% fad} 35h 
Red and orange (sined with 75% red) a7 








Tea dear that he smaller the quabtative dierences berwees 
the two colon, the longer the reactice ome Using scall 
ferences ix prch Hewnon cbtared euch the samme ¢=- 
wut 











Daferences in pick Reaction 
(rire ‘me 
%e 5 gone 
ae RR 
= erat 
ries Doe 
When the subject wae rstracted to rast to the shorter of 





tw ines, shew side hy ade, the folowing reaction Uimes 
ere abeasned™ 


‘To diuerusinate x ine of 19mm, from oat ot 13 mn, 206 446. 





FS yen 
3 me B 
1° OM aS 


"There renlta show that the soller the difereace between 
she two stmul, whether fa vibrate rate or ia eameress, 
the longer the Feacton ume to the dference 

‘Henmos's Sndingy may be ierpreted co mean (1) thet 
the mental proceues of apprehension and duc 
rut proceed further when iferances wre derrenned 
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that the preloninary adjostat forthe ovement i es and 
leas adequate ax the dilerence beeween the to steal be 
comes amualler 2d eouller ‘Botb of these conditions serve 
Co caplun the lcogtbened ceacoon tame, Ti we ae jusuéed in 
the aurumapton that diecences wre equal, for perpen, 
hon the mee fequced to dacromcote ther are aya, 
tppears from Henmoe’s results that tees eght vibranona 
apace difler percepecly to abou the same degree t lines 
Aifenog by one and one-ball milmetess (ten and eleven 20d 
‘half mulneter). 





® 
1 should be enent, even from the bref sketch which 
han been ven, hat the wudy of reacnon me bav passed 
rough many poasen and bas eaoued reany and vsiout 
sntecent, Reaction time is meatsied to-day wot wo rch for 
the porpote of azalpang ie determecants of of fading 
‘hee or “ni” tines, but rather ax w meazs of ataciong 
practical problems of behavior. Fer esample, the reacvon 
line experinest may be employed for measinng the difi- 
culty of unk in an objec way, ora au ues of an 10 
dividual’ eficency ander diferent condos. Or, ay be 
talen a 4 ean of comparing indonduals under ube same 
coadiuoes ot the same edondunl under diferent condos, 
that it 10 ty, the exadlnboent of iedeedval difereaces 
say be the privacy inare. Apnin, the aped of « pervont 
tuple or dtmmscativereaponste may be compared with 
Guickoes in civsg probleme or ia peroreuag cir ia 
Jectual tak to eee whecher «given indwidaal may be cha 
scteticed a9 generally quck of geaerally alow saclay, 
Tae wely of the Kiod, Lemmoe (1927) found that good 
memory for words, sumbert eed the like, tends @ be 
fomewhat rated fo speed of umple seacton, while the 
tearing of wribl and eaber abwase relations tends f0 6° 
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sloag with guickoew of dxenmmazve reacuoe However 
{ew pevocs tas be fury devenbed at posesung a dsc 
spective a whic chey babesaly work; Siferences in 
famibaraty we te asks to be doce, degree of previcin 
racoee, terest, and incesive play too large 4 s8le.Fot 
thene reasons a bockkeeper who is ordinary very slow may, 
ste long prncce, ur wih soffceat soeutve, «urpan 10 
mental caeaauaradeuer, ay we died uch fate 
tbe rexpect 
Te vocatoat elcuon, as well as the agnosis of apc 
tudes, the reacuon ome of the ndindtal 1 often an mapor- 
aoe hiewr. Tes apparet, for aatance, chat the te te 
sgired by » chasfeur or x tatocmaa to apply ha bres at 
{poe signal, a clored hgh for example orto react gucly 
Invan eoergency ic of she greazst pearucal value Ingearost 
devices for texting the eachon time of prospecove dere of 
Ssmtamcbies or of teccencar Rave Beas devaed BY papcolo- 
nts Weebiler (1936), for mitance, ban contracted 4 
damy auonabole, wah ssenag-whed, brakes, cite, and 
to on, which ved tern candidates applying tobe st 
Sasficurs. The candidate szatracted to depress ie catch 
fd apply fs brakes atthe Bath of «yellow light on « bod 
placed before hum; atthe appearance of other eclored lights 
hem told wo react a vanoon wage wih appropoate band tod 
foot moves. Time of reaction and error (Wiens 
syazaes) are eezlelly recorded. After aca road eaparence 
FRrwas found that whe mea with the sloment seacon times 
Jad the mor ackems, the fatestrencing mea wo bad a 
Innge sumber of acndeats. The fadure ofthe very fant ea 
to wrod acadets w atinbsned by Wecbaler vo the fact a 
‘vey quick mea are fale wo take chances through overeosi- 
race and heoce rok mishap. Ic signicant thet the nut 
ber of ercor, or wong seiponiey proved 10 be a betier 
esiteron them simple peod of rerponte fa separating biph- 
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accident men from thove who have few accideots High- 
Jeeidene men consistently made more ervore than Jow-4ce~ 
dent mex. 

‘One ecudy in which reaction time was employed in tests 
of prospective motores may aleo be ated bevy a8 an ex 
“ample of the work ia chs Seld. Shellow (xg26) meanured the 
time required by steercar motormen to react with the 
sppropnate movemeass upon the appearance of a light sige 
nal Time of reaction and erora, wrong respazuen and om 
ons (Halure to react to mgnals), weve recorded, Two 
‘roups of men were found to make the best operator, the 
‘who react very quickly but who bave a fairly high error 
score (monly omauons) and thors who react slowly bat 
make pracueally no errors, If a maa reacea slowly and atv 
maker errors, he st & poor prospect a8 a motormas 

Ac wil be recognited that any of these probtean have 

wn cines the early reaction tine work of Carell tom 
sw conditions and to tately new demands. Despite thie 
fact, mont of them bave thew orgio vn the early inereat of 
eychologiss in general, and of Cattell in particule, in the 
objecuve eeudy of the time relauoas of human performance, 
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Chapter 10 
EXPERIMENTAL STUDIES OF EMOTIONAL 
REACTIONS: THE WORK OF CANNON 
‘AND OTHERS. 


a 


ATP BE expenmanat waty of the escunoy oft ome of 
the most fasenatng ned ac dhe ware ure elusive probe 
ema for esearch 1a peycbology. The wrdeapread sateen of 
ychelopoty ve the topes vera w the sumber of expenmea: 
tal wtodier seceatly made or sow i progress, while the 
(Butea encounter a thee are attested to by their wide 
wernty fo reson. ‘The reasoca for the are aot hard ta 
find, Emotions tend to dhunpate when examised intr 
ively and to love ther ealor and iatenity when seal 
Te Je dial t00, to get genuine erctional state under 
lubormary conditions; and furthermore, namierous tech 
Aifiesluen ase in the sttenypt to roenscre complex phys 
‘logical changes 19 order to square these off ain 
























‘nave corse to fealize Realy dhat the vuccou oF fal 
an indwidual io aerdemic, profernonal, or lnduwtnal life 
Ie contingent upon amouonal Balance as much a4, ort more 
than, upon inceleceaa ablicy. Tha strain to invectiqacion, 
therefore, bas come feom practical an wal 

rence! coonderstons. 
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‘What do we meas by a8 eacuoealrepoote? Why doe it 
anne, and opou what factom does 8 depend? Huot, 
1 appears that peary al werner on the eration have x 
tome way sonecied up emouonal Behavior of tater with 
the vizera—heart, atmo, tang, and oer wera orgapt 
‘The anoest Greek plncrpbere leated the teat of he es 
ona in the bear or abdomes. Such expresnoea as “hard 
eared,” “apleeny,” &to eat oeat heart out” “bowds of 
erey andthe lke show the saBuence of thee coucept 
trey have eared wa comme speech to our day, Sever 
Views of the enous seem to be fay well defined to-day, 
swith homevet, any vanetien and modsicatone. The frat of 
these regia the emotions ax uedy etal o conto phe- 
bemena,aecomputed, co be sre, by orgame and crevlaony 
anger, but ot depradent upon these The &ercace be 
{een « man fooeng a race tad one rusnng way fiom 3 
nad dog les, secording wo ths vem, net ia the phynclepea! 
cues of the two, whic ace Gouly ake, But rather 
er eery dvere ental see, A second view conuders sm 
imaotn to be the subjects comcowe awarenct af tie or 
anie and physclogea! proses going cx i he owe bod. 
Thin (the lumow JenorLange theory of the emotion, 
propowed by Wiliam James fe 1884 and independently by 
Ue Danish physotopet C. Lange in 3685, Ta the average 
man's view, 4 periog cries when be is worry aed laughs when 
fe it happy © joytal. Commenting epon hie tommon 
tease view, Juss wrote "My thes x ve coutary, eat 
‘he bodily'changes follow diecty the Perception ef te ex 
‘ung fats, nod that ont fing of the ame Cage as they 
‘ere IS the erin,” “We fe sory,” be aay, “Beene we 
xy, angry became we wike,alraid becauve we tremble” 
‘Ths view, Beeawe of the emizence of its uutbor, kan e&- 
erved each infvesce upon the choking of Inter worker, 
‘A third view of the emotioesstrenes the pact played by 
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wincetal and delet routes an well at glandular changes, 
‘bur placer conssderable emphasis, 1, upon the cuntcous 
processes involved. Woodworth best cepreseate this posi 
tion. An emaves, be says, ia “atrred up state of the or- 
‘gana in which there is sa impulse oF consmocs atitude 
Toward some given define acting. Furst comes the slot 
then the tendency, impulse oF motor vet eg. 10 excape oF 
fight, which ix (sliowed by phynclopca) changes. Thene 
lofganic elements are biologically valuable en that they pre- 
‘pate the asumal oc the hums the bener to nin or fight, at 
‘the cate may be, Feat of erength and endurance—the ru9 
{rom Marathon to Atheas, unbelievable deeds an the football 
eld, heroic actions im the face of danger—all Wuateate the 
‘ye of an emecion in reaforcing the dominant drive and 
giving impetor to betavioe. The factor which, according 10 
this view, marks ove emotion off from another ie the wet or 
impale, whch i, of courrs, governed by the s:custion 
‘Watuon, as an oltracbebaviorie, represents enll a fourth 
view. Consciouvacas » completely ignored. We bave done ut 
that we can sceafcally, he says whea we have desenbed 
emotional behavior at we vee ft. Emotoe are simply com- 
plex rexction putter, te difereace between anger and joy, 
say, being simply the diference io the way the body react, 
‘The difeence ia the indovdual’s mena tate is of wo con- 
sequence, or at bet is of value memply an a verbal report of 
haow he feria 
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From theve diferent, and to some degree contradictory, 
points of view, vations problems snveivieg the physieal bes 

the itolation, or the measurement of emotions have beet 
atacked by’ peyehologits. The tclowing groups of prob 
lemma are faely typical of the experimental workin this Sed, 
Alshough by 0 means exhaortive, they wi) help to center 
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the ditcurtion and make it more concrete. First aze thoue 
stadien which deal with the physical basin of emovens and 
logeal changes is emouneal etates. What rele do 
i Can an 
‘emobon exist pac from the body changes—fushing of the 
thus, rapid heart-beat and bresibag, clenched fata, and 30 
‘on—arcily asiocted with it? In another group ate expeti= 
iments which have sought to discover whether exotion ah 
‘be measured by instruments; whether there are any fuuly 
defzite and recognizable emotiogsl patterny; end whether 
‘emavoas can be diferentiated on che busin of the phytr 
logeal changes correspondiag to the subjective emotional 
states reported by the subject. Slt other expenments have 
been planned to ase how well one can judge an emotcoal 
state from the verbal exprenioas oF te total ody reaponse 
of the person sumclated; and whether erectonel sates are 
highly vorelaeed, ue, whecber a person who reac 18 8 
Iighly emotional wry (0 one wiles wil tend to ranct sith 
‘ual inteasity to other atmo. Fully, there are the at- 
tempts to reach and resclve emouonal dificult (come 
plexes) by ferreting ove the cause of che oxginal upset im 
the subjects hatocy. ‘Tha list wil aerve at leant to itanzate 
1how wide and varied hat beea the expenmectal actack upon 
the eubject. 
_Tn general veo methods have been employed by prycholo- 
Wats 10 ixversgating emotions the method of expression 
Sad he method of ompresnon. The ethod of expe 
the move widely employed, lacgely because m2 
tive. Whar u seeks to do vo secord and sn 
changes which accompany emotional sates, putting litle of 
no empkavin upon imteoepecsve reports The method of 
immpremion, on the other hand, studies emations introspec- 
tivtly or, beta, retrospectively. Toe subjen, for inmunce, 
tells which of two clor combizations he prelest, of which 
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of to musica weeciact hay moved Kis Agi fter 





Aeclnge of eombarrastoent or anger? When and how did they 
appaat? Sometimes the enphate 2s oa one tetbd and 
‘omeuimes ca the other, bu moet expensnenten have conte 
bined the two, uling cbjectve records wherever possible, 
and recording, tc the verbal report oF itroypections of the 








emotion depends 
open ts accompanying bodily chacges v6 Sarge w matter of 
phywclegeal research, aed (n consequeace the expertoeats 
sn tha Bald bave been parforved for the mot pare by phytic 
‘lopats. One notable expermest x that of fir Ct 
fnegian (2906), the emanest. Rogiak phy 
ington teasvected the spre cords of « ruraber of dogy in 
the weck regia, thereby aevensg all consecton between the 
bam and the body organs of dhe trans All teauatons Irom 
the vucera and che sic were compleady dertoyed by ths 
‘operation, only the saasadane rating from face hed, eck, 
tnd forelimb sumulacon temavcieg ruc Ta vite of the 
rani reduction of the ammnal's wource of venaary pron 
i from we own body and alia, emctoes persited ‘with 
leale of Ro apparect reduction «© orteomy. One operated 
fog for example, sbowel marked rape sed antipathy toward 
‘endatt. She growled, snarled, and bared ber teeth, 




















toward the persoe who camomaniy fed and eroked her. An 
Fnceraning fence of this expenuzent was the revlon by & 
dog of what might be called “disgust” behavior. Neca) 
dogs, Sheringsoe found, celuse to est dog mest, mo matzer 
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bow much is depuine’ by boog cured wet other foods oF 
veel with tlk Almay hey chit dat aod avemen 

probably the odor bas mach to do with th. Sher~ 
Foge's Soa) Gogh? ee thee epee nels were 
called, ahitited the same dagax when gen a bowl cat 
ono deg tent, runing to Coach or 10 et no rater 
bow much they were urged. 

‘Much of the revet work on the wervous xed phyisloical 
bbues of the ermugae bat been earned on by W. B. Caton, 
of the Harvard Medical School, and hi ensocuttes, Cannon 
‘nvetigated wah rowch thoroughoets the rile of the 
onomic nervous apstem kp emobaaal actnny. The akon 
ome nervous ayutem, as te mare impley, is normally 
active in those fanctone of the body which smvalve hte oF 
10 voition oF knowledgt on the wwbjer’s part It 
‘the vegetative functions of the body, such us the 
the hear, lungs, tomach, wad internal pases, 
‘ieeulttory aud wweatgiand changes. The two main branch 
of the autonome nervous systee are the thoraefembar oF 

thetic (the widdle part) abd the cramo-acral (coo- 
ising ofthe upper ad lower par. Cannon he found dat 
the eympathess braoch is active fe rtene or uxpletarmt 
emotions tuch at fear and cage. Is general feotoon in the 
body lata wcentily cers vars of sexy: for example, i 

increaver the bear-beat, rates the blood-pressure, a0 
creases breathing rate The erazro-ancal branch, onthe other 
band, acte at a check and balasce tothe aymptbtic, It ie 
pega owpotemg pode! 

Daring plensast erations! tater—joy, contentment, tem 
‘the ersoi-sucal branch of the autonomic is secendant over 
the sympathetic. 

For the purpose of Sucovering whether 
hati in ecesaay for emotioeal expeciences, Cannon (3527) 
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ecnoved the entire sympathetic dvition of the sutoeamie 
‘This opernvon removed all wzauton 
from the vitcera sack as magbe conceivably be pretent in 
fear or rage: Despite the operatoa, the animals all showed 
fark orl nes: ie prensa ds 
ce tng beng, growing, retraction of the 
od baring ofthe tet. . 
‘The ewo expenmencs brefly cuthned wdicte clearly that 
the body senations ar sor abuotly neewary’ Yo etotonal 
states, even if they are noraully preset. Other experimente 
‘whch point ia the same directs are those ax which pom 
esl drugs have beeo employed to beng abovt capid beare 
‘beat, trembling, Boring of the ska, rape breatbing eate— 
ie, all of the changes which orduanly are found i roo. 
tonal excoars. Lopealiy xt woold seem dat if an iodide 
‘emotion simply hut eareaces of rach ttre wtatea 
Jn bis ows body, he shoeld fee! rage or fear whes 40 dae 
‘ached by drugs. But this remit doer aot accu. Cazaon am 
bis wsvociates buve shows in along serca of tevt that adren- 
ia {the seerevon of the adreeal glands, wiuch Le just above 
the Kidneys} hae almost the weme dec epoa body bekavior 
4a violently uaplearast emotons such as istente exctencat, 
feat, and anger Wheo advenao in ijered ito the blood 
reream of a normal person, the reclt w a decdedly sured 
‘up phyniclogical sate; bot the acbject report no rel emo- 
tina, rather be reports that he feels ax though be moght be 
afeard wihout aay acon! fea. In connection wth bit finde 
ing Caton bas ported ott, t00, how wike are the bodily 
of physclogial change diferent ectonal reatct at wel 
jematonal ad noc-enatooa! ates nach a¥ thoy ceit- 
‘rang muscles exerci, expouure to co, and the 
alike are the coscows cates cevolved. Such 
wer Lange 
theory untenable—at lent mthout seme moiication. One 
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nan of pathological low of seat ia & horan belay tay 
bbe cued before feaviog tne topse Daze (1982) seporte the 
‘ise wl x woman pansat, who owag £0 4 fracture of the 
‘beck and the reultng spueal cord injury, bad vffered com- 
ysis of the rovrcles of the tramk, atin, end logy, 










factien seemed nalered. Sach & case can Datel be aquared 
‘with the Jamee-Lange theory. 

Cannon (1927) bas cecenly propored as a tabrtivte for 
the Jamoe-Lange theory the hypothe that emotion zeal 
Irom the iaierscuray of ube Cerebcal corex and che thal 
soe The thelumus, omens called the encephalon, oF 
he beeween-beai, 08 large mass of gray mater tying ju 
below the cerebral cortex Leos gret censory recepive center 
for impala from the body and w a End of vesibute forthe 
cortex: Cannon (1925) found that shen the cores wa ex 
urely removed free 5 cat, the decorvestedgnomal tll 
showed great emotional excuenent ("a wor of Bam rage"), 
Tmhicd streagly suppor the view that rene, and probably 
‘ther exsonns a8 wel, depend upon smpaines from the sub- 
conical eepons Fallowng tut Jetd Bard (1928) bas whows, 
afer some fifty operations aa caus iz which the cortex and 
‘vanous parts of the brain em were femoved at the same 
tame, that the center for the emotional diplay of rage w 
cated inthe lower thalumus. According to Canton’ theory, 
hes, at he vame time Umm the thalemes dichargen into 
the comer it aso tdeatet @hor itpelaen which produce 
mpl internal change. fo cu thee sewory change ia 

ty arn seat back by way of the thalamus and 40 r= 
inforor or sntennfy the emotional couscousnen. Cannes 
tes conmierabie cial endeace to ahow tbat the alarot 
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tndsr whibiton from the cortex; znd when 2 se “lensed” 
through disease or jury, there it often an exteanve and 
acontrod emouoral duplay (eg, laughog or crying) 
The diferesce between one emoboa and another Ia ex 
plained au bemng due co ceasral (corel) factor, that is, to 
the meaning which the emotios-araseg eurmulue bt for 
the indrdual. The chief result of Cannoc's theory 10 far 
hha been to swuch the emphass from body change to brain 
euaage 
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‘Two experiments planned wih the adea of indig out 
whether definite emonoeal patteme exit physically 
nd can be uccurnely memured by mstrumects wil be de- 
renbed mm th sector. These studs, the one by Batz 
(e924) ad the other by Lands (1926), are dstrative of 
the best techanques cow avalable in work of Gut wort. 
Blaa’'s espenment was concerned with dcoverag whethet 
there ina define picture of phyndlopeal dnturbanee cor 
radvng to what we cal fear Hu wubjects, about forty 10 
aly included both mea and women They were told thatthe 
putyote of the experment was the study of heartrate dite 
Terence over 4 fay long penod af tsme Each aubject wan 
carefully Ged uw chav and required co wc aloce umd bhiad 
folded in w dark roors fot one haf-bour. Durog Uh pened 
cardiac, tespusatory, ad elacncal changes (ofthe tla) were 
carefully corded. The force and regularity ofthe beat beat 
red by ae ceczocardvgraph (a deeate 
Yanometer) and were recorded ona photogeapbic Sim, 
Breatbiog records, taten by means of a clecinc pacume- 
graph, were photographed ox the name fx. Changer in the 
lectrict behavior of the skin, 2 phenomenot koowe 14 the 
peychogalvanse rele were obtained fom the gaivanometsic 


Tee peat sebr ropes + wad feasted 
sare ctchad too SMtrst Jes co Dr te sod ue ommend wth 
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teadiags. (See Figure 21.) After three half-hour sttngn, 
Blac found that hos subjects gave cootinteraly normal ree- 
cords, we the sight nervossnene und tumidity which appeared 
at five due 19 the strangeaeus of the stuntion had bees ea- 
‘urly Ios. So muuch wae th 40, in fact, that many of the 
sje (al auleep before the hal-hour eas up These pre 
Iumaury records counutete what may be called » control 

‘The chase vied m this experiment was bonged i front 10 
‘hac when suddenly released it would fall over backwards, 
careyieg the subject meh it A powerful doorcheck stopped. 
the fall gradually after the char bud passed through an axe 
of 60% At the fourth ating. Blate allowed hi subject wrch- 
co waraing to fall over backwards. Tha backward drop way 
intend’ 10 ne up a fear reaponse, 4 that the records taken 
|AUthe time would ve a physiclopeal picture of the emetion 
‘which we anbjecovely call fear. That the fall really <auned 
fear can hardly be doubted. AN of the subject reported a 
genuine fear at fit, followed lace on, oftentimes, by anger 
‘ araunement. In adémion, they struggled, yelled out called 
the expenmenter by mame, and ut various ways gave evi- 
ence of eractonal upee. The fects produced by the fal 
may be bnef'y sumearaed as follows (records were twhen 
‘before, at the ume of, and eix munotes afer the fll 
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2 Breathing was much dutuibed. The subjecu tended 
to fale ia ehort aps etaling vxsewbn more slowly, 0 
that the vemratory rine SEIS decrease 

2, Heart rhyehm was oachediy evga, The hent-rae 
was accelerated at Scat, vomecimes by at muck mb twenty 
beats, Te una wereate wae wtcaly followed by reer 
‘won and then another period of aceerason- 

4. In the peychogalrnic reer there were marked pevanic 
defecuoos. Theve began (rote oarhall second to thee te- 
oud after the drop and ranged from ope to tex units over 
‘he wea, 

Tr aditon 10 cheve organic duturbancen there were alto 
toes munclar moveneatsstruppes to exapt, rex mee 
‘ents and theeabnge of the arme at Tog, and yelling. In 
Inter test, when the sebjec expeced » fall (baring bees 
forewarsed), the phyvcinpeal cies were such lett ie- 
tense Gan when the fal was uneapeced. Adaptation wa 
rapid, the cond and thie fll produciag Ouch les uptet 
than the fist. 

"This expermarat gives » very defane picts of geatal 











lhy of response which constant from person to penton oF 
for a gives tedwidus) There w too much varubility in all 
‘of the mesures takee to warrant the anruraption that we 
Ihave a cear-eet physiclogical wate which can be label 
‘feat oF “terror” 

Tn a somewhat monlar expenmeat, Landis (1926) studied 
the efecu of severe emovene] upret span respiration, blood 
presure, gutrovetestoal acuyty, and basal meaboliom, 
Respiration, borh thoracic (chest) aed abdominal 
‘cured by sheans of precmographe. Blocd-preature, whi 
cau be bent deacribed beefy, perhaps, asthe pressure ia the 
arteries rorltng from both the fore of the heer-beat and 
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the arty teasion, was obtained by meant of a sphygmo- 
graph? atached to the upper arm. Gastric contracuams 
rere obtarned by having the subject callow a seal! balloon 
tucked to » robber tube, a thar changer iu the ze of the 
bellooe reraluag from stomach cootractces were recorded 
Ahvetly. Rectal contractona were eecured by vaing a eimlat 
Dalloon arrangemenc placed wn the rectum. Haral metabalim 
(roughly, the amoust of carbon donde given off a breath- 

ia) wae obcaraed by baving che wjec brenthe oto 4 ape 
colly designed apparstes. All of these cvenyuree of phys 
logeal change or vanabibty were recorded siukaseoutly 
bby means of tambour and vnuag pots upon s moving 
‘smoked paper. Lands bad theoe eubjeets 19 thi expec 

‘After normal record had bees takes over 1 period of thee 
ceks, the following ichedule was begen Each eubject weat 
wnhout food for fertyeght hour and without sleep for 
thiny-siz houre Ac che ead of this ume an electric shock, 
‘was admizstered which was "as much as the eubjoct could 
Dear without atrugging.” and whieh laned until the acbject 
tigocled viat he could endare the para eo longer. Exch sub 
ject was thea even @ suraulant, aod recorde were then 
ously for a five-hoor penod and duly alerward for five 
days. Lance's revolts iv boef were as flows 

1. Besat Metaboism. Banal rate wncsested about 10 per 
cant on the average (wth mach sanabiity) dariog tbe vtne 
of antnpation beloce the ehock; « then fll oF rapidly wat, 
afver ux w eight hoary, it was peacually normal again. Ane 
{ger which occurred occancnally, was accompamed some 


























times by an wereste and sometimes by x decreate 19 
mabolic ete. 
12 Blood-Pressure. There ws 2 rapid tne in blooi-pree- 





Pe neent coat ane af x bie, dae anced othe 
gm Whew tw tnd to the poet whee the ow of Did wont Of 
Be aedgenecr = wommei cer gruppo oe 4 tie Oy 6 
tebe lade of om the sed ve 
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ture pom the ict ofthe shock, together th « rap and 
firegulat hean-beat Upon contnszoos of the simalus the 
haarebeat became more regular and the preature deceaved 
Landis satce that these changes are que amiar to the 
hock symp fellowng 2 sucpea! operation. 

1 Respiatos. Brexthong war faxtr and more shallow, 
‘with some tendency toward gasping 

‘ Gasice and Rectal Contractions, The eesti shock 
scomulos bad a varable elt on gine contractions. In one 
subject ganse contractions were marked, while in another 
they cessed tempocanly. The thd subject eld 20¢ rea 
the apparnts, and heece gave no record. Rectal contractions 
crated mall dabjece wpor the onvet of romeulavon. 

‘On the day fllowing the experiment, each wubjec. rot 
ut an account of his expeneaces, acitodes, and feellogs 
‘Al niretved fatigue, eacsea, occatioea) Ste of anges, iti= 
labiny, aad lack of coordination, with wurpriegy Lite 
smaphasm upon defimte feloge of plemantnew or unpleu 
tbeus. There was hte oF ne awareness of physolopeal 

and po agreement as to the apoce emoune felt. 
‘Av ia Blawe't expenens, 0 evidence appeared to indicate 
that a given picture or comment pattern of phynclogal 
changes mvarably acompaned » reported emovoeal sate 
‘The only phynatogcal patra which veemed t0 correspond 
requlaly Wo a given sobjecive wate wan that of supe, 
‘or the oncomng of an emotceal upset. Serprse marked by 
‘sudden lots of shychm on hearc-beat, regular brenhiog, 
4d gene conttacoon “Thi ia the anly reported ersctonal 
reste which St» into the JamerLange deSonon. Surpnee, 
Ihowever, while ic marks the onte of ax emetn, is hardly a5, 
emotion fa itself 

"The caries atempt to discover experimentally how ac- 
rately one exa judge the probable exotoeal sate of a per 
ton from a photograph is that of Fecky (1914). To each 
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cof 100 judges the ieverigator subouted cighty-nz photo. 
rape of Kersel! posed to represent » mde range of emo- 
‘uogal sates, together with x let of oxasncn samen for emo. 
‘boos, The judges were izatroctad to wei on sheet opposite 
the number of each photograph the emoven which they 
believed ic portcayed The emouoee whch were reprerented 
‘ranged from fear, rage, and suspicion ta surge, aympathy, 
snd religions feeling. Ox the whole, the most striking rent 
swan the wide tange of emotions arinbuted te any one photor 
raph. Anger, fea, cage, were in general poorly judged; fear 
sod stapicn were often confused, sad rage mas frequently 
called “tortor.” Expresnons deprcung sneering aod digust 
‘were agreed upon best, thoagh often called “scora” and 
“coaterape” This expermeeat m eated, of court, in its prac- 
‘vetl application, utce one never stnkes and elds a pone 
when normally upset. It does sadicar, however, what we 
jedge a0 individuals tmotaa! state’ very poodly from 
‘photographs of fuel portrayal of emotions 

If the observer beara the vows, wees the reaction, and 
nows the straulting situation confronting the Hiving per 
toa, hia judgment 1s improved, but ut yet far from perfect 
A recent experment caztied eat by Sherman (2928) shows 
thu clnzly. In thu text, « group of thicty-rwo graduate etu- 
deat im plychology were shown moving putes portraying 
the reactions of lafencs x0 four Kinds of sumul: hunger, 
sudden dropping through a ducance of two to three feet 
toward a table, restaunt of bead and face, pricking with 2 
readle. ‘The atiuls themachves mere not aren by the ob- 
terver, having boon deleted fram the fim. Latle agreemect 
appeared as to what seat the emodond! reactica exivbited 
by the child. Thirceen observers called the hunger rexpanse 
soger, seven called it Songer, yeves feas, three pain, ont 
adel, and one consternation. Fifteen called the respoase 10 
Aropping anger, cnly five fear. Ia another rem, a group of 
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medical students and aurece were shown the stuzcli which 
produced the emobena] reaparsce ax well asthe responses 
themiclver Judgmest coder these condinona was such i 
proved, far being most often eatced for the dropping te 
ronse, anger for reatzaum, aad pare for the neodlopnck. 
‘When the fins were atraaged so chat the infan’s emctooal 
respoose war shows preceded by some atimulus other than 
that winch actually produced the emus, accuracy of 1d 
enc was rauch dectesved, showing that the cbeervere bad 
timed thee opraioos mare oa the summulue sicuaton chan 
on the reapontet. No doubt this iv geaerally true of ther 
thie laboratory stuanons. We jodge a perea’s probable 
emotional state from the expected eSect of the eisuton uj 
hum more oftea than from hus overt respontes Watso 
waved that there are three well-defined encuonal pater 
fn babves, aamdy, rage, fat, and love. Sherman's work 
rakes the exitence of such dearty cbaereable paterns ex- 
tremely unlikely. Peat oc anger cexponten te babies vary 20 
pateen from mtuaton to etexuon and from baby to baby. 

Tanda (1924) baa performed v0 experiment dengoed 10 
cover whether reported emevens ere accomparitd by 
defeated ely recopnined fac expreanons. A trie of 
Photograph were takes of fue acbjets wile they were 
luidergome various emetion-prodeang etuatons, The were 
seventeen of these ications im all, everal of the mote 
sinkiag betog 33 follows. emelling 2 botle cootauing am- 
rota, falsely marked lemon, looking at poruographt pice 
tres; decapratiog alive rt; vevere detricl sbock. Trelve 
women twelve mes, and ane boy acted at subjects In order 
the better to uzalyae the oad and amount of movement £x- 
Inbwted by the fal muscle groups, thets were craced out 
pos the face of each subject with burnt cock fo make thers 
ahow up better im the photogcaphs. 

"The subjects charactzrard the emotional value of the ne 
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oar in various ways, ty profanity, outesien, and verbal 
Gecenpuoes, Steanone provolog agar, anger, turprie, 
tnd tex excement were mumerous enough to be atuied in 
‘connecticn with the photographs of facil expresnons taken 
dunng chee nates. After masy companione of tb sort 
Land wrnea: "Wath no verbal ceport ef a gree enoton 
fd a murcle, group of rauscles, or expreanion occur with 
uftciat frequency wo be conwdered charcennve of that 

is no exprewon typeally amocated with 
Any verbal teporr” Incidental findings of incerent were 
that men employ moce fecal expreceas than women, ex 
(at sriheg was the most comma respoate, 

















Toe question 
of an indiviual’s emotional states are nghly correlated, un, 
‘whether the individual who giver a haghly mente lear 1 
sponse to a standardized eturbon tends to reace m the same 
Iighly emonanal sy to smaanene provaling wnger, joy, oF 
agnef; and swealely for reactors whose exotonal reapanaea 
Nave low wtteraty. Wecksle (4925) has attempted to anewret 
‘this quentog, using che galvasse reflex as hu sadicator of 
‘ematonal indeauy. The paychogalvaie reflex har been de- 
teribed 0a pages 229-30 at w ake phenomence which retula 
from 1 difference im eectncal poceatial between toro points 
fon the thn and which ia turn u probubly dependen upoo 
changes 19 wweat-glned secreuna. A éiagcar of w vimmple tet- 
up for securing the galvaase rvfex [x shows ia Figure 29, 
‘while in Figure 2 i abown aa ovdinary D'Arsonval galvaro- 
ameter. There coonderable reauon to doubt the mpecity 20 
‘emption of the paychopalvanic refex, although thus bas bees 
claimed for it by veveral experimenters. Body sexitance, 
upon which the paychogalvanie reflex depeods, ix known t© 
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change darag the course of the day, whe fsigus, deep ret: 
Diration, utd muscular exerica alt provoke mate or lest de- 
‘ection inthe abvence of any reported emotce Wechsler bas 
Sealy shawe, however, that wevaiona! stan do produce 
fuite wide paychogstvane refenes, sed heooe 19 40 expec 
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‘hace wudéenly, and ringing 2 ball All of these, withthe pos 
tible excepuce of two or thes, were calculaced to eurpmte 
‘oc anzoy the subject, provobung anger, pawn, oc sold fxr 
‘The rabject' stponie to exch ethaton wae reurored by the 
gilvanametrc teadcog In accordance with the ext of the 
puychogalvanic tcfex response, the Ghny subyeca were 
Tanked tn order of ment for he clever itustont ‘The cor 
‘eluton or cortepordence of Uae raakinge ranged from © 








Peo 
DrAaemas Guanes 
ange 1 se tyes en ‘epee ga can 
pipes wth mtg Ey ta olan erlad tal enon 
ih Sas "oe ai iy oe 
‘Se choce 





sndootnedly due to the exlacty of the to eteatuons ae 
‘lead; the Grnt wan she responie to an simomabile horn 
Aounded suddenly, and the sacond 19 the sume gomealue se- 
petted. Tha expeomeat is lar from concurs thet way, 
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‘out on the whole and wth the Lents of the Iborstory 
tmcuton, there ae 20 eridence to odicate that persoux are 
motional an genet of unemotcoal mm general. A BgSIY 
evaponal texpone (de galvanic defecboe) to ous sce 
duce m 30 guaraces of a equally lange wpet uz another 
fod diferent neuaton. 








o 

(Que of the best-known iuerationn of the sethod of im= 
rewion the fre assonaton tert. Used as a means of ding- 
rnoang emcuonal difcvines of complezss, the sssocation 
test method war frat exployed by the peychosealyet Ces] 








trae inttrocted 10 give the mt word or Sint amccation, 
which occurred to bum as quickly ax possible. The sumufes 
words were acleced to cover 2 mde range of tuations, 
tnd to include mony which woold prewemably have emo 
tional value for the sabject. These so-called “ermeal word” 
wmere fnduded with many sméifercet or innocuous words 
By way of dlusiraton Table XV gwet a sclecuoa of twet 
ryshive pretumably enneal words from Jung’s lin. The the- 
cory underlying the sxsocatioa method a uted by Jung and 
ther analyete is that the extreme uancity, embarrasement, 
vneless fears, ansenes, and worries which occur is nervous 
for neuroue perions, and to a lemer degree in natal pernank, 
‘eater around forgotten and itderanderstod emotional epi- 
oder in the persoe's Ie. Thove words ' 










wociation, accompanied, say, By laughter or bluth 
ing. Lengthened reaction time, repeumon of the eumulue 
sword, oc an entice lack of reapoeee are interpreted by Jung 
su the avoidance of unpleasant ansociuont connected with 
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the rtimalus word. Such reactions are calld “complex indie 
‘ear A camples, 24 che paychounaiyat generelly uxes the 
‘term, deaotet = group oF conwtelition of ideas ceatered 
around come parucslar epsode which postesim mech emo- 
‘conal agauicance co the tates. Thus an jedivdyal much 
‘exnted of duturbed over religous ceateess ie aaid to have & 








fing tex complezes, or salenorcy complexe, the Iter term 
being generally wed to cover fecinge of saadequacy of all 
ind. 

Tasca XV 


‘A Snvection or Twewrv-sive Carrscas Woneg reow Jones 
Live or 100) Ww 
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a the principle of sence “payehic™ determnam is mental 
Ie (Freud), every reaction should be completely explicable 
fn verme offs antecedeaty, all of which are mevitably nsked. 
‘up with it ia some way So itis acqued chat any word which 
in Und op an the subjec's expenence wth aa orgies! emo- 
onal uptey, if fllowed up, wil Gealy lead back 10 the 
source of Ba difculty or complex. To ilnstate simply, » 
Lighly emotions! or lengthened rexponue o the word ridicule 
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‘ight eaablz the analyst to dacover by further quesvong 
that the source of the pateats trouble began wih & pe 
caliary shaped cove or # speech cpedinent which hid fed 
thers to tease and bedevil kim to the pout where fedags 
of madesuacy and the misery areing therelrom had senovrly 
Interfered wich foe eormal Ife In Table. XV the words 
Ihus, bride, pray, rdsude, anriety, and the Uke taht cone 
cewvably lead vo reacvont which would be coondered cam 
plex indicators 
"The abtocation wetted ie one form or ascther hat been 
wdely ned by pychonsalysc. Pechape the Gel objection 
Bf peychologsts t> amcoaton ter ae andieators of em 
plexes or of represed and wtually unconventional toughes 
dnd wishes is that they may esuly prove wo muck Nearly 
‘ome time or another worned about 
Telgious atten or tet adyartanentn, or bas fle infenor, 
aed tf anficencly goed and prodded by an analyst coud 
probably reveal several complexes. Thus  parveulady true 
of the sez Me, ence sonety w 20 oxpamant at present ot 
grenly to cmb and lint freedom of expresnon in ruth 
By far the most extensive use offre asuosation has been 











avi. probable cmotiaal vals, ie, covenng the unl 
worries and atxcuce, at well ax prerueably indlerent 
words such a9 table, chat, ive. This hat was given to 
oon noreal aed 47 verane adults, the respons to each 
sword being carehlly tabulated. Probably the mor steg 
result obtained from dhe mate of muateral was the large 





percentage of “individual” reapcnaca given by che insane 
4 compared with the normel. If « perton gives » response 
fot given by any one else Is the group, i ie considered to 
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bbe an “individual responte.” The normal group gave about 
‘7 per cent individaalreepanect, che intane group 27 per cent. 
‘Allarge number of india) teeponses is considered by the 
‘authors to be probably indicative of eccentne thinking oF 
fther peculiaty, while a large aumber of “common” re 
poates (thove given by achers) indicates conformry to the 
andards of the grovp. Each rexpocse, together with the 





© 

erimental posse of view, the "detective" 
‘wonton fevt 6 a more direct axd beter 
f the word-reaciou method ‘Tha method, 
pes, waa intended to ducorer the real cok: 
tt from among several persons eompected of a crime In 
the prychologea! laboratory, the “ere” ie uvually a stunt 
of some kind through winck one perton ost of eeveral por 
uuble candidates iv put. It in v0 arranged that either the 

or the claus knows who isthe “pulhy”" person. 
of the sevocition teat fe to sles thu guiky Indie 
Vidual from among the several suxpece by means of Bie 
tellete associations. Usually theve respocser will ba ab- 
normaly long or emotionally tnged (aocempanied by laveh- 
ter or embarrassment), of they will bear dieedy ype the 
‘unt, thor giving the culprit away. 

‘Jong has employed the word-reaction method in the {ole 
Jowng experiment, which may be wed as an divttration, 
‘The auperviace of» bospizal reported to him the thelr of 
4 pockerback from ace of the nutter m her charge. The 
puree contained w Sfty-franc mote, one vwentytrane iter, 
ome ceatimes, £ email civer watchcharm 2 steal snd 
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1a receipt from Doteabact’s Shoe Shop in Zurich. The purse 
bad been taken from a clothes loset im which it had been 
placed by the nurse Owing to various crcumutnnces which 
eed nog be described we detnl, acepuoce narrowed down 
fo three ures, al of whom were atked to ruts to the 
ssccution tt. The entical words were the same of the 
robbed ume, cupbosrd, door, open, hey, yesterday, bank 
nets, gold, srormty, Bip, teoraty, money, match, pocket 
Book, chem, torr, to Bade, fur, dark vedah leather (eoloe 
of the pure), crates, sone, recepe, Dorenbach. Orbit 
‘worda toe betting dicey upon doe thelt But having erto- 
nal value wera theft, fo take, fo seal, rurpcon, blame, 
court, pac, ta lie, to jear, to discover, f0 arrest, vnocent. 
‘These ences! words were dietnboted among wwice an many 
{ndsferent words, the txal connbtating the Snel test. 

"To each of the theoe eucasa the cst wan then gen, the 
feaponse and the time of reaction (we Sitbs of a second) 
being taken for each word The median reacuoa times of 

whom we wil devgeate A, B, and C, tothe 
ical words ate gives so dhe flowing 















c 
a ie 
BO 


> 3 
Althongh A’s “aoroe!™ rexcion time—as shown by bee 
reaponicr ta the indulferent worde—in the shortest of sl, 
the i considerably slower than ether Bor C ia seplying 
to ihe erfural wards, This, of cosrar, ir evidenes, though 
Aurely not canclasive, apsiaat A. Jeng next computed the 
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umber of “impetect apoduation™ gran by each agree, 
‘Aa imperiec reproduction or reacuon ot one whos w halt: 
ingly or enumbbegiy gives, with sepettion er ersdect eno- 
‘ugeal upvet. Such reapoases are conndered by Jung to erOW 
‘oot of am auociation of stoag feciag feat aroused by the 
leat word which 1s cared over to several eecceediug re 
tpoutes, The subject, vo to speak, becomes “rated,” and 
{fet more Maseced et the expenment goes os, The revolt of 
thu tabulacice thowed that A gave 65 per ceat nepectec, 
reactions, B $5 per ceot, and C 30 per tent, The aca! 
(eponses were dntcbuted as follow 


Nuwaex or Iurpusor Rescroes Greew 20 Deoorranre 
“avo Guricas Woase ar A,B, axe C 

R c 
n a 
$ a 
7 t 
cone col words, B 
due three, and C hae onty 1 By thie tert, then, euepcion 
‘gas powts to A. Soll xaother dheck wat meade ia term 
of the percentage excena of complex indicators given 1D the 
trideal word over and above chote given to the pronuz- 
bly iadiferent wean. A'v exces is too per ceot, BY 0, 
‘C's $0 pee cent On the basis of cheve statetcal retute 
and upon careful study of the character of the responses, 

















"The method of expremon Bas alto been esed in attempt= 
lng to dieeover gult or deception. Both Marston. (1927) 
4a Lasion (2983) have employed dhzogen in lood-pret- 
tre at evidence of ing or deception with much apparent 
tucoces, Marston beheres coat a ree ia syncic blood pres 
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ture of from eight £0 ten eater wt conyuncuon with 
AC rempoase to pouuibly comprosnag quesbon m sufreat 
to uadvate that the abet yng Lavon, wb fmt wed 
1 avsocaton ten Detiod aod later The sehod of det 
(question, has employed blond-preente ver wth aue- 
ean ws ever eaten nwciigg actual cee. Blood preture, 
Iomever, is aSected by wo many astory and the tech 
16 el eapecmensal to such 2 high depts, that xm probe 
thy wo ely to separd the Sodoge from nich Ue at 
fal emudence of « decepeve coorzoutnet 





@ 


To the fret part of the chapter we outhoed four some 
swhae contradictory views of what consututes sn emotion 
(pages 222-223) Acconing to the Fist view, an emotion it a 
mena or conscious pheaomsnce largely dependent of 
the body changes whch are ws efoal but somewhat fs 
dental accompanimena. In the tezond View, an ematon 
1 coundered tobe the sndvvdua’s pereepuce of the tessory 
changes arumg from glandelar, moteuler, and arculatary 
changes 1 his owe body (hue 1s the famcs-Lange Useory), 
"The dnt view regacds aa emonca as a fet wmpule or vet 
toward a certain type of acovmy plus a mast of sessutcar 
reultiog from surred-ap body sates. The fourth view w 
the bebaviorue dictem that aa ersction 1 suroply the 
ycuon pttare staelf, the conscooe sate, f adzuttad a 
‘eng of oo coorequecte. 

Let ue now attempt (© evaluate vbere views ar best we 
muy in the hight of the experimental evidence at oar die 
otal The firtt mew, that an emoun 2 simply a conreous 
‘or mental sate, w clestly foo narrow. The part played by 
the body changes ia prepanag the iaéwdual so. mect 
danger or some other enctioapredveang etuation ik 00 
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real to be ignored. Farthermore, we canaot omit from 2 
treatment of emotional teactont the rBle of the akeletal 
iuices aor the enormous umportance af the glands i pro- 
‘ducing emononal sates. The secoud vew-—that exprented 
Dy dhe JamnevLange theory—is probably untenable in view 
of the experimen of Sherrmgwe and Ceason; while the 
fourth wiew (the bebavorsuc) i unproven aad very prob- 
ably ot trae. Certznly experiments carried out wth the 
bent recharque now avalable have failed yo Gud for « gwen 
emotion exher s defnne physlogeal pattem or 4 very 
characte behave: ceucbas. 

‘This leaves us, ally, che third viewport, which for 
tunately weeme 19 be fiily aatatactory, mince st provides 
both for the comaous ude of tbe emcnon and for the body 
changer which cay accompany i. The “patter for a0 
femmoven, according to thw view, doce sot Le in the man 
(of physlolonea changes, wirch are lagety wndiferenuated 
from one emavon to another, bor ratber in the mmpulie or 
tet of the organ. In fear, for example, the set to get 
ray—to edcape the raflvence of che worauu—wbile 
Joy the impulse a to costope the fence of che sums 
‘Typeally the wupulue precedes the body changet, which 
are often biologically valuable at preparatory reactions. 
‘Thie vew seems to be connacent wth the most recent theory 
of the emotions, that of Canaoe, described on page 226. 

‘Thu chapter har tned ¢ chow how, ax 4 direc result 
of receat expenmestal attacks, there in pow « respectable 
amount of defimte mnformaton regarding the emotions. Much 
‘6 0 kawn about the nervous and physeal bat 
Cuonal sexzes; many of the complex physclapial 
(ory, and cectncal changes accompanying emotions ha 
been measured; and techasques bave een developed for 
investigating the caver of ceraiz. absormal emotional 
states, Much remus to be done, of course. Forure research 
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vill further define and diferensiate emetions both on the 
Bhysiolopeal and prycholopeat nde. And peace eudiee will 
td in thowing bow emotioos develop, tow they become 
‘orgasized, znd, ponsibly, how they may be beter coutelled 
{or the beaut both of the ndondoal and of ancy. 





Suggested Readings 


1. A compreheasive rurvey of tbe experimencal Iherature 
ne “emuton wal be faued im Chapter ta, The Eapres= 
‘the Bmoroni, by Carney, Ladd 0 Founde- 


inom of Expermerial Prechatogy (999). 
2. Foran account ofthe pe ree 1 
Wb Caton ehty Clee 





Jungle article ox the frecaten ‘Mathod will be found 
Ne American Journal of Prychology (1gt0), at, 


4 Reiaterevng seeicacios of the Jat Lange hry 
snd sea ofthe separa of hy emotion 
Space Mh amv MD (POND 








Chaptee 


KOULER'S EXPERIMENTS IN PERCEPTION AND 
LEARNING AND THEIR IMPORTANCE TOR 
GASTALT PSYCHOLOGY 


o 

THE poiet of view and sutbed of interprets repre 

tented under the tase Gestalt throne, oF Gestalt pay 
chology, bad st rte m Gereaay’ ae eecenty xe 1912 Mas 
Wenbeioer is genecaly crahue? with being che founder 
of dhe movenen: in Germany, but Kur Kofta, of the 
University of Gieseea, and Woilgeng Kabler, of the Use 
‘versey of Berlig, trough various academi¢ spporrtmente 
fa the country bave become the procipad Ghampioan of 
the Gestalt viewpoint ie America. 

‘Rerhape Oke implant vay of showing jact what thie 
new achont af peychology sands for a to vdhcate frat what 
in is nou “The paychologat.” says Trchenes, "weckt, fir 
cof all, to analyze mental experience (conoouinest) 
fin wumplexe components." "The rule, of mearutig rod, 
hich the bebanoont pute iz fot of brn,” saya 
Futways is: Can 1 describe this bit of behavior 1 
term of stumules asd respomer"" To both of th 
‘graca—aurely an far apa an the poles—Gertalt po 
Bleu eand strongly opposed. Its falue anaiynn, they 4275 
1 fold that the complex behavior of « maa, of an animal 
‘dther, for that matter, ean be explained genetically 

Sota of Pcaegr (93) 37 

Dire St ey 
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soeumulanon or ootgrowth of fsinly specie stimulve-re- 
‘aod i 
tecom: 
plex sentory data. The real dats of experince are orga 
ined wholes, or Gertalten, and eever monn 
‘encouster apecifc elements eather io conecouenest of so 
behavior. And so metead of the word being to the infant“ 
bbuzang casfunce” (Wiliam Jere), fore which bere 
snd there bits must be Inborioualy picked out and tied to- 
‘ther oF rotegrated, even for the very young chuld there fe 
a caraia degree of orderly arrangement at sensory data 0 
‘which he may respond wathow prenovt fearing Later on 
adults behave toward the paterms or total organzavion of 
‘object around thera rather than toward apeciic sum, 
Genalies, or "confguraucey” therefore, a6 the word has 
been translated, arz the primary buunew of peychology 
Hence, Gestalt perchology conceras itself sath thee direcly 
capencnced wholes, * srudses how they come about, what 
lass govera thelr changes, and pos what fasion they 
depend. 














@ 
‘The frm probleme wo be attacked (rom the standpowt of 
Gertals prychology lay 1a the eld of viaaal pescepton. 
(One of the most siguifcant of theve was the question whether 
‘axe eeauory eaxpenieaces or responses are yoverned by ape- 
cafe sumuh i the vaual fed or by tbe relations among 
the sumub. Kohler (1908) attempted to atewer thie goet- 
Luge in the fllowingantecesung experiment Firat he 
wo heme (generally aotonous for dhir lack of wteligence) 
to expect food (rom the brighter anly of two papers (a dark 
sand a hight) glued side by ace ox 2 wooden board, The 
hen was placed m4 sire coop on oor ede of which aper- 
urea were vo arranged that the (ow cond easily thrust its 
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head out to peck grate from the paper-covered board next 
to the coop. Gre. was acaccred in equal amouor ypon, 
bh papers Whenever the ben pecked at the gras upon 
the Iipht ot posiuve paper abe was allowed to eas, but 
‘whenever she pecked at the grain epoa the dark oF neqative 
pape, the was at once thoaed amy. Alter 400 co 600 tle 
a which the posiuve aed osgucve papers were frequently 
snterchanged to preveat aay atccaton by the fowl of the 
otuive rtaulus with tbe ght of Tet aide the hen at 
fiat learned wo weect the posite aod to avaad the negative 
stimlun with creat regulary. Tht part of the eapenmment 
commen what called the tramag senes, To tbe enceal 
‘tata which flowed, Kohler kept she postive Chght) paper 
ta the board, but substituted for the segeuve (and daker) 
paper another paper soll ighter dum che pesiuve eurtulut 
to whick the ben bad bees trained to go. The question 20m 
swat whether the hen would contince to peck at the specie 
{ight paper from whieh the had been Lebocoutly (ened 
1 ast, or whether abe would respond to the bnghtness roe 
fox aad select the an Brighter bot neuteal paper to which 
the had aever gone. Rotlers cess are highly ineresting 
and fey conciuave Ung foor bent, two trained to £0 
1 the brighter of the two paper: and two trsned to go 10 
the darker of the twoy the neutral paper or new stmulua 
tear veleced i aboot 70 per ezet of the tnals and the oo 
leal posinve sumslus um 30 per cest. These results show, 
obler dhcks, chat there are in natare winple organiaition® 
of brighess dilfereces which are exremdy primitive, (0 
he ware, but yet so fuedamestal that even 0 atupid a 
ceatre 9 «ben will respond tothe relation “brighter thas,” 
rather thaa to che specie miulue to wich aie hat been 
carchly trained to go 

‘Kohler repented this experiment with chimpanates and 
alo wich a threeyear-old child. The child was allowed to 























Kabler and Gestalt Psychology 51 


lear by da mado of tral sed error that ohe brighter of 
tyro colored bossa caly costamed candy. Fony-fve tealh 
were neceatary mm onder to extabli tha dierent response 
{othe pant where uo errors were made, ie the Brghier wad 
always choten. Ta the eral test which followed, a uew 
‘esd brgheer box wan preveoted alaog with the old postive 
irovus, the negeuve darker box beiog removed. ‘Kohler 
fepores that im this teica the Qld “2vanably” took the 
‘ew bnifit box, steed of the one from whit ie hed for 
smecly got candy. Thus agua is good evidence, he aay, that 








to bits of porvens of the envroraeat, 

‘The pioaecr eapermene dengned to ter out 
fof teatime aud the sabereat tendency tear’ orgentavon 
‘wun che riual Seld us che now famour phe phenomento 
‘of Werthenmer (sgr2). Ths expenament, whch ip aisont 











‘pearance of thote lees wil depend, of courte, upon the we 
Interv between the Mushes Now i 4 second beat f light 
(projected threugh = second skt, eighty below the Sr 
nd aightly ice i9 ome, logical, (e would seem, we sbould 
tee 100 parallel nes, one lying below tbe otber and lag: 
10g soouwhat afier The actual reat is very diflerem. 
‘What the observer does sce, ifthe taming in carcfolly ade 
juwted, iv 2 single Une cxallaoag forward and backwand, 
‘The xadinen of the secood hne bas qreaty changed the 
rrimulusvaive of the bre Iaucad of « simple adden of 
Aicull, we have a new constricion whic canner be ao- 
lyzed into two separa Loca. Tha Dew fact, in Wertheimers 
view, 4 Gertalt oc whole which exstoe by ay effort or 
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Jntenton oa our part be epht up inc ie «wo component 
pans. Our perceptons, be says, are not bule up adcbuvely 
Ike comer of bung Blocks, vather they fll at once into 
patems whick may act be separied into elemental 

ena and images without spunocs azalyon Tn actual x 
perience, auch elerents simply do nor eet at seal emnehs 


o 

Gena paychologits ace oppoted to the sdex thet pie- 
seated stimuli have taeaning forthe observer only in so far 
fr he w able to bong past expenence 10 bast upon them 
(a the couerary, they ineut that experences may have form 
and pattera (and meaning) eamply becouse ther clemente 
“come” orgeatard. Tha phecomeeon 1 ilusratal, Kohler 
‘hanks, in thote cates wherein pessom born blind later ac- 
quire tght Te fs to be noted, he says, ther whole such indi 
viduals do not recogene geomeincal forms, eg, auares 
and aude, ar such, they do wederstend the question whes 
asked what 2 piven form is. Tht met mean, says Kabler, 
thac nebulous exganaations and arrangements of the visusl 
eld are preseae even though the sumulas atvatont, here 
sgeometnca! forms, are not yet tagged wath verbal symbols, 
ie, names, The wual Beld es chaote, relauvely speaking, 
‘nly when there are sercos bra leans of dacuted coo- 
ditions sm the opusl center of the brain, 9 that only bite 
can be grasped visually at one tme Kobler ces a audy 
fof Gelb and Goldstews upoo » patient ia thi conden. 
‘Thu mao had leacoed to rely largely vpon motor and 
Junesthete expenences to peece out hu vieual date, When 
Ih mare wae writen in lage leery, for mntance, and pre- 
tented to his, he would perceive the Grae few letterv an & 
{7oup tnd then gues the remainder from the coetext and 
From the amovat of movemest ceeded to spun the whole 
same, But sf several ines were deawe atroes his name, the 
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patent could oo longer see st a4 4 eatse, iy a whl, 
the bts which be du see represented two coutused pattert 
and tex two separate independent groupe. Nothing 

added from other parts of the field to give ether patterz 
complete organization, aed ix comequence wo Gestalt ap- 
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To the Gestalt prychalopts, the distection betwen 
“igure” and “ground 1s regarded as ove of contiderable 
smportance ia the peychology of percepuca. For them every 
organined whole or patiers exo at a fore apaiaht & 
sore general and usualy a vagver, backgroued Tn he audi- 
tory fei, for example, « melody, which 1 « Gertalt, beard 
ageian a background of slenoe oc agaanit a vague murure 
of mucalaneout goss Tn ike manner, every vatusl com 
figuraton, ¢ sonsct or = pronfight, wv projected agaroet 
larger and lew deadly defied 

Tn a notable sere of expenments E Rubin (1916), 
Dansh piycholog, hat studied extentvely thu figure 
round relavomahip’ mn the sphere of varual perception 
‘Unually the figure stands ot clearly from tbe grousd and 
for the reaton mm amboguove Bgoret te which Sgure 
‘and ground ate mcerchangeable that the dutocuons be- 
tween the two cas be most ceasly seen In Figure 22 such 
ambiguous Bure it shown Note that the favr-pornted 
Mrosc" the one wath rade, stands out rather easly a9 a 
figure aguiast the concentce cicles which form the ground 
[Nom interchange figure and ground by fiatng smtently 
‘upon the circles, and sote that the arce un the wew figure, 
agama four-poinced “croas,” are trar arc, v¢, cut-of 
Nona of cecumferences, whereas belore they ‘were veible 
pert of unbrokes circles The cieles behave diferestly 
Aepending upon whether they sre sa the Sure or in the 
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round, Rubia asd echer Gestalt pryehotopas ave de- 
‘eloped certam characteris difercaces which they believe 
ungoith figure snd grouad. The figure i» tore daly 
formed or outhood—s a beter Gestat—than the groand, 
ew more wd,  halde se ealor berer, tw more wold 
and sobitannal’ Koftka (epsa) intent some of these 








dhe Anam Fioais 9 Lasasars Trane Gaston Recor 
Gran Eatin yar 


princes fa the (ollowsag way. Look, he tays, chrough 
cope at a aida one nde of which st ach bive ad 

fof which consists of a circle made up of 

yellow sector. The yellow figure eunly a 

the blue background, but the blue sectors bave 2 

time of it ae “figure” aguueat 4 yellow background, 

ng overwhelmed by the solid bioe oppoaite. 


® 


Genale prychologinte have not confined themselves to 
the mnbject of visual perception, bet have extended their 
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methods and saterpretanont seto ocbet and divere feds, 
‘Pareularly mo the aadhes of anveal learaine, they have 
‘many expenmenta to the crode whick are of much value 
aria eaplned scnkng wo ther pan one To many 
8 seem. more eobweetil and 

Deluge thew much of the perepoe work 
Av losin of this type of work veveral experimen of 
Kanier with chimpansee wil be described 

Kobla’'s ape expenmena were conducted during the yours 
2913-1917, vpon the small ulead of Tenenfe, lated 
the Canazy Wands, a shor dataace of the Alnean cout. 
Here + colooy of chinpamzzcs was exablahed, sad owing 
ta the mola and tropical nature of the country, expec 
seats could be termed on vader condwecs closely war 
to thoue ix the armas nanve habitat. Ia one expe 
Ghanpanace war not fe cathe orog ax anual, but teed 
dos food was fastened 10 the rool of he cage aad a bor 
thrown canvally upon the for of the cage some distance 
from the pout where the frat kuog suepedded. The ape 
had never wed 4 bor as an caplemett, and bence ignored 
a compleudy, atthough he could canly have reached the 
fru by pullog the bor over and chmbing upos x The 
somal speat many hour im varuccenfal efor, tring 19 
reach the frat by yacping up toward «y climbing up the 
walle, and the bike. Fiza the expenmester dragged the 
bor over beceath the surpended frat, stepped upoa i, 
reached up and tooched the banana. He thes got dow and 
threw the box some datance away. Almott mamedinndy 
the chimpanace pubed the box over ade the fray diabed 




















‘dered particularly eespid, Ti acimal bad often seca other 
himpanaers vee boses ao platforms from which to reach 
food, but be bad never actually done the trick himself, 
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‘To sce wheber be might not have leared from fo flows 
shart do vheu pur sto stunbon requir tbe employ" 
Then of «box tts plaorm, Koblr fateced a banaae co 
the root of hu cage, threw m «box, aed left the ano to 
Ins owa devs. The apes rbeaquent behavior i que co 
Ightenng t+ demontraton of how topsen the voles 
cof even a simple tn may be unlenthe rdaborssvaived 
fre deny appreheded ‘Tine mowkey at ence ran fo the 
fox, bt intend of dragon wt woder the (rt be ether 
clizbed vpoa 1 and juped up, or ete cmbed upon the 
bx bepped dows, and qucty ran over 0 famp ap from 
the growed onder the fue 

“Ths expenmene, apn Kesler, shows how aecenary fot 
bana if = tooo the seca xectrag the ak. 3 
swloks or eatrcty Te fiir age al me ces box ta 
Frat wol the ratoe wat decootated 19 hun By the 
fopecmenttr One the tine wer persved, the bor 
ated tobe umpy a box nad boca ta platter 
Shing tobe ned so gerang frat: More teconealy sping, 
ii Ge iastane threaten was tee, the Geral was formed 
‘The avipd ape, appear knew thac Ue bor and jumping 
Xp mee both involved ihe tock of tong the iy ut 
ther wan as for ts bu analyon wet. Had the conmcbaoe 
‘ero boe-frut been made m thet proper sequonce, the 
“uston woud have been ergencad e one and the gro 
ug would have become meazungful. But by the stopid pe 
this lat Gertals was tever formed; insead there were for 
Sim mp repute roe bem a mpeg 














o 


In another experiment Kabler attempted to sea whether 
Sales, appaready bn om sateligent chimpanzee, could 
combize two sacks ito one eetsl implement. The aucks 
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‘were two bollow barsboo rads, the ane beg enough males 
than the other to that st coald be Sted ensly ince the end 
cof the larger to form a angle long stick (see Fugore 23) 
‘Al of the anitnals had frequeetly wed nope atcks wo pl 














(haagsd ers Kesl/s Thr Mail o! fe!) 


nd ctber frat placed eutnde of the bare of 






‘8 smaplement woh wlack to poll iz Inut. 


ag8 Great Experimeats in Psychology 
‘Tee setup of the expersment was as fllows. The chizn- 
pace was pot inte « cage along with che two sckh, wad 
Aeveral peeces of (rut were placed ootade of the bare too 
far away 0 be reached by ether sock alone, but wthia 
easy Peach of the jomed sock Judged in the ight of the 
tater aople ctutin, the ansoale bebavir seems jocred- 
[Bly stuped to boman eyes Fart be tned to reach the frat 
woth one suck and thea with the other. The fang, be 
‘bert puahed one suc our as far a8 poenble, and then with 
the second sick pasbed the Scet one on wntl  Goally 
touched the fran. This actual contact, Kobler note, svemed 
to give the animal great extniacuos, but x dda't give i 
‘the ft} At let, as the anical seems wo cower tow xltion 
that atthe stat, tbe expenmnenter gave hiro hunt by stiek= 
ing ope Ginger nto che opening of the larger wuck ditecy 
before his eyes. But tie cue failed to help any, and afer 
fhour or 0 of fuule effort, the ape appareetly lot interest 
tod gave up the tak as hopeless. He continued to play with 
{the cwo necks, however, and after some mazipuation, bold 
tg the ove mick inthe eft hand and the other ia the rgb, 
the necdeotabiy got thea together as ebown ia Figure 23. 
"The ft connecrons were looee, ao that the wick fre: 
qucatly fell spare, bet the acme! pertited, with great 
ceaperneat pulling in sot only at of tbe fru, but all cher 
fall moveable objec, each a atanes and’ aucks, won 
reaching distance. On the fllomg day, efter some detultory 
puing of the one xick by the other (eepeution of the old 
teens tebamor), Sultan quiely jowed the imo and got 
the fro 
‘Tho experceng, as interpreted by Gestalt principles 
tows again the growth of elements at fiat uscomnecied 
{nto an orgeaued whole. Usil the ape pereived the to 
necks c4 capable of fomnang « wmgle ust in the situation, 
reaching theSood, no Gertal appeared. When the two racks 
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became one implement, boweve, 4 new pLtters Wat St o0¢e 
formed, Many olscraSone of the growth of rich pattran 
se Gutalten are red by Kabler. A bor will often be ex 
ployed asa platform for reaching fot sf 1 cose prom 
Iruty to she frve, ve oot of ot sa a far corer of the 
cage, A sock will be sted to pall ve frat from the ovtude 
‘of the bar 118 clone enough to where the fre i Iyiag 
tw "get reo the nave ptare” with but wok ite at som 
dbutance ow only potency preset asm the branch of & 
(vee which has been thrown info the cage. The point made 
by che genaleuce 1 tha, 10 be uied at an woplecent, dhe 
box or the wick munt ext ax uch wn an orgoazad val 
‘whole he relations of whote parts are perceived. When the 
relaoons vavaived ace quickly gruped, uy when the any 
tual alot wt cece gets the whcle prcture of enaechoas and 
‘aural aplication, at, fr inrance, cuimb-oe-bor-perut, 
{els wand c have “worght” A seston  expevenced with- 
‘ou sight when fa vaneus gare are nmply ween ot pert 
With no dependence or orderly arrangemest. Tought i200 & 
problem, cha, lavalves venng the problem wath is varont 
Jimpliexbons at all of one pce 




















o 

Beside building up x choraughoing experimental basis 
for ther theoreeal exacepu, the Grater prycholpses have 
advanced cogest and searching cotanme of otber methods 
tad points of tex. Koiler’s cnvosm of the methods em- 
ployed ia many animal experens condacred by bebay- 
fernts seme worthy of mestsoo. Iu learning problems of the 
‘choice reaction” Type, the aniea ir teased we go to one 
stimulun, 2 red bit, say, and to avexd another stimuior, 
wt grec light, by being fed when be choowes the one and 
shocked whea he kes the other. In euch experancat, 
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Kobler pets out, instead of giving the anual an decie 
ahock ig the fee when Be retponds to the negabve mutas 
in would be avch mere loge from the pout of view of the 
soimal'e ows experience to have the acgatve suman 60 
‘omething to he aninal—eore forward or ingkten him 
ome may. Not caly would thu be cover to the astural 
sirumtom for the anual, but the coanecuen betwera 12- 
‘wind and the one stvelsy and punonest and the othe, 
‘Would be much more obvious and seusble. The later ta. 
oa, Kahler thinks, would fem « good Cert, the 
former, which is tradwonal in save) expermenaton, # 
poor one, voce it 1 wel-eogh impositie for the animal 
1 organee into ove stuatoe powshmentsa-fet for 
ogstewrong-ight As ected in Chapter §, page 123, bork 
Kohler and Koffes have cruczed the aml expentoerts of 
‘Thorndike oa rauch the same grouad. Tbe aziuals in eee 
experts they say, were forced to ear by eal 
Innce there was no potable way te ight of thew e 
cece—ia winch they could onpatize euch acts at oper 
lutch or polling s loop isto the stustion geting coca 
bbaw-and-getaop food Much of che so-called atid learniog 
‘of anmmals, Kober betevet, roms out of the vcting of 
Almost sopomble sks for the anal, ue, casks which 
‘cannot rently be organiced soto a reeaningél pattern, if 
they can be vo orgenced at all 

‘The work of the Gestalt prychologits, mon of which has 
been done in Germany, bas snapired vevera) American pay- 
ologsts to undertake invesugpcees slong the sume linet 
Muck of 

















ace. Two studies wil serve ap illstctions of this type of 
‘work. HR De Silva (rex6) hav snvertgared the factors 
determining appareat vitual movement such a2 ie repre: 
aemed by Wethemers phephenomenon (page 251). Go- 
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lrntag cases of the former. To wome exceat De Siva sue 
anes thu mewpoint. The perepton of real or actual 
‘movement, however be Sade to be dependent manly upon 
speed or vloeny, whe the pereepion of apparent move 
‘eats condescoe, stead, epox the teparwoon im pace 
ofthe tumuli and upon there degree of stent. Especially, 
he emphanzas the subjersve Toner prevest in the pete 
cepa of apparcat morenent. WS" Halim (1927) ‘ha 
frudied apparent actual woverent by applyiog tno prev 
fre pout upoe the akin of the forearm ‘These wera] 
tmulh were applied someumes topetber sad tome 

much at j secood apart, spatally Chey were sepa 

free from five t> 150 ralctere Holt sub- 
stroced vo report when they erpenenced ap- 
Parent movement from ene pout to te etre. Only 30 
per cent of the 1300004 judgments woven by seven ob- 
fervere indicted dhe expencce of epparect ovement 1¢, 
configurations in the tactual eld. Apparently, theretor, 
taccaal Geitalten are daecly dependent vpon defone tea. 
poral and spatal reaooes exting wmceg the Hm, and 
Are nox generally (ound phenomena. 

‘One of the mon meresung vevengatons, rowing ot 
of Kohler work wits chropancees, sw stay by A. Alper 
(1928) of the se of insight fo he laccng of very young 
children. Fory-foor sureery school calgren varying ia age 
from sistem to forry-aue mouths were subjeco, Situations 
lonely resembling the peobleat tet by Keble for his spre 
swere devised. For example «toy would be placed on « shelf 
tut of teach anda box or Chir left mst By; if tha cil ned 
the bor or chair ar an inplemeet—atood pon ithe ty 
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could be secured. Aga toy would be placed ouside of 
the bare of & play-pem and « suck lefe handy acarcby with 
‘which the desired objest could be Sabed :2; sometimes vs 
problem was compherted by prondaxg ewe abcke and a 
‘wy, a short suck, which was too ahort intel to teach the 
toy, bot which could be used in aking ia the long anc, and 
s Tang sick with which the toy could be Exbed 12. The quer 
ion at asus i9 these sxpentmests was whether the child 
‘would thow the same sodden snghe unto the task 

‘ahubited by several of Kater apes. Alpert dncovered 
‘what she called “saumeduate sanghe”—a quick, sure soln, 
‘mare oftea tha Kobler found for is apes Tn mauy cass, 
however, sanght was gradual or partial, preceded by what 
seine tab cota ence of fabing cleo er, 














sbuervavios preceded many of the aucceaful aolubone webere 
inight wan judged to be ummedute, but on the wh 

wae probably more often present than vot (nee page 
HK comparisons ave val—wbich 1 doubttal—we 
elite that che young children were more inclligent 1 
‘Uhr toleuoas thas the ehimpassoes, 








Oy 


In spite of the vigor and exthusisam with which the 
Gestale paychclogy bas been preseated by re advocates, it 
hs fot, at yee, woe many converts cicher on the Continent 
¢ a America, Objecuon has been raised both to Sa theoret- 
cal avturptoas and to 1a experaeatal procedures, 1b 

Deen urged, for instance, hat the term Geral connotes 
porbing esszztnlly new. Perception bas Jog been cegarded 
bby noo-Gertalt prychalognes a5 » umsying raponse or a2 4 
“combining acivity” (Woodworth), groups and outlines 
ace grusped Gut and che ements and detail alterward. 
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Binet found loeg ago (2859) that when line drawings are 
‘pore for brie periods, a8 ms tachutoncope, the dramng 
Ge glinpacd ana wbcle and che deals gredoaly added 









pplenomens exhibited in bicowlar mvalry® and ia the ast 
biguous Sgures, for example, show how a detad cam stand 





Dut agnast » background at oor instust wad became 4 part 

‘of we later on. Ie abould be sand, however, chat the gertara 

fave cared the study of the figureground reliuoa and 
Woverning 1 further thas ave other workers. 





at the term mnnght. The contention 1 : 
while deucrptre, adde ooubiog in the way of expleoation, 
Tang seceding to the Gel pychleien, cpp ia 
qu 








‘ontbipe forthwith Bue we weieaed aewere, fe very 
ikewt to know jurt how mice traland-ervr learning has 
receded the fash of innit. It may be that auch in aways 
‘Brea, pronase ering ie oud cele. Ye bard 
td ldeconspreheded tank, me hoow that both mes snd 
ftuaals resort to Bivor-eikeIearing vat by chance the 
succesful move or acti bt epoa, In sizer problems, of 
fou, there i eveally 4 matked raducton of aadom se 
‘icy and ofcaines the wwlden appearance of isight, 4 
there it sho in thowe acumtca wt which the individual is 
able to bring to bear inforetion at knowledge from provost 
and tomewhat silat etuutcns Te would em plas, 
hen, shat fonghs, geecucly looked at, may wel be the 
nderenlt of & much sedated taland-eror pend. Tae 
amr ty econ whet denies cor sel it 
sewpereoe "The rosk | sapeege © roy ee Om 
Spe ee et thn Oe etn pe bay nnd 
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premoos testatvetnale exe, to be sure, ut are pot pre 
rented 10 the parscaar leraieg curve wader serwoay, poe 
10 We eppeatance of anght It bat boen pointed owt eles- 
‘where (pages 3-14), me 2cetber connection that the n= 
tight thom by Koblers apes was dearly « funcuon, in part 
of che tasks set the azuzal. 

sm bas been made alto of Kobe's amma) work on 
the score that the expenmenie’s pretence ox several = 
capenment, coesureter an uncostralled 
‘are quck to pck up cute fon an enceely 
Innocent expenencez, a8 han ofien been shown io the 
cates of hors and dogs which eacslote or perform othet 
teapponedly “oudllectual” feae thaw rare ont pan invest 

iuen to be anyeinag but “eteleccnl” (se pagen 117-1 
‘Agana, the remus of cay Gestalt experiment ate oot t= 
fusvealy well evtabluked In the expermeot quoted on 
age 250, for santance, the hems expoaded to the relaban 
‘of bnghtaest ta 70 per cent of the trals Aithough thw 
result rakes the relabooal respoase core probable than 
‘the apecifealy learned one, x 20t suffcent to ental 
st wh certuty Maay further teuls and larger groupe ave 
aeoded to do th 

a the precediog vectioas we have skeiched in brief out- 
line the pom of ew and some of the experimectal Sadp~ 
of the Gestalt prycbolopsts aad have given, at well tom 
of the more ebveus critesznt which have been dircted 
aganit thos new school Whether perchologas agree with 
the Gestalt poycholopst wewpoet or not, most of them are 
agreed aa to the mecusic valve of ther expenmental work, 
Av a fresh and vigorous movement with eraphass upos 
‘xpenment, there cau be Ite doobt bot What Gestels poy 
ology is destined to play ax iesporest ole fe the ftare 
development of peychalory 
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Suggested Readings 


1 A good detcrpta of some of the representative ox 
Peles wot cn petynon dons" ty the Cont 


mychalguets 19 gen se Ran, Kobia' Perception 
Wr harktacnen fo the Besta Throne, Paycosepeal 


2 Foran actlettaate dacanion of the privopies of the 









Gestalt ‘and wa presenc aatne, soe Wolfen 
Kehlers Gentale for we 
3. The antes by ‘25d Kotler ia Prychologes of 


{224 0 prove help to ce beaming aden 
4 Wohlers caperimeats with chimpanzees are deveribed 
in bis The Mentality of per (1928). 


Chepter 12 


WEBER'S AND FECHNER'S LAWS AND THE RISE 
(OF PSYCHOPHYSICS 


a 


LL of us, 0 doubt, are familar woth the fact thar our 

perceptions of differences onthe magatude, extent, wd 
smoune of things aroued ue do wct vary diracly with 
changes in he cbjecs themseiven, Thur every one would 
at a fain tone does 0c need to be mncrennad a4 
‘much an 4 Joud tous for the chenge to be noticed, and th 
foar-year-d boy does aot have to grow ss much 4s his 
tnateeneyear-cld brother for the iscrease ie haght ro be per- 
rived. Mout of vr, 120, would be ready vo adc that one 
pound added on to a te-poutd loud ie more clearly fe 
‘ana mereated woght then one pound added oo to a flty> 
pound load; sed chat an error of one inch ia measuring 
‘one foot is far ervder work dan an erzor of one meh ia 
‘eawunng one sale But few, probably, of thoue who have 
noted thete face have given iuch thought 10 tbe quettion 
tt how oar perception of diferente, aed the actal difer- 
fence rarlf, are tlated other then to specolate somewhat 
varuely, perhaps that she raison ia deatly not one of 
simple proportion. 

‘At st happens, one of the very extest attempts to employ 
experimental methods om prychology wae direced toward 
solving thu problem. There sere eeveral reasony for chit, 
‘For ove thing the eatly paychologare were moely philoto 
hers, and hezce were ooocereed maisly with the problem 

a 
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of how knowledge of the world and curves it cbtained 
Chrough che tenses Moreover, there already exited a 
spectable body of facts coucerug the cemiet, eg the ca, 
the eye, che thon, which furnithed a coavenieat sarang” 
point for ravestigacoe. Whatever oxber reasons there were, 
the fact remmoe tbat the tome of seneabor-timulus de- 
pendence buike large v2 the history of expermeatal pey- 
‘Ghology ond hae etiolated Lterlly a8 esormow smoust 
of research. A whole lnerature, in fact ban grows up around 
the subject of prychophyner, ax the branch of paychology 
sealed; and the purpose of thw chapter ss to outhne the 
development of peycbophymcs and to evaluate a6 far ab 
‘posnble, sn brief space, ax place sn modern prychology. 


@ 
Peychophyscs really began woth the work of Braet Heio- 
ch Weber (1795-1878), although a6 a ecparate branch 
of perchology i did not onpaate woth kin Dunng the 
years from 1829 to 1834, Weber, who wat profenor of 
acatomy 19 the Unversty of Lepeg, publiated x Lacn 
‘2 loog tenes of expenments om cutaneous aod linetthetic 
(or 
tml differences beowees weights can be perceived when 
the woapbte are hited by band or are allowed to tee tredy 






















‘or pereaad by the eye To a senes of experineata with 

‘wughts held berweca the fogs sod hited by hand, Weber 

dbncovered thet a weight of thury ounces cold yt barely 

be datingithe lighter han a weight of thity-one concn 

ad an heawer thin one of teesty-mne oxen, Ths pro- 

portion he found to bold elowely for deem! on well ab 
A cam He come ra 
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fer ounces, Ley Unmty drams cold just be fet at lighter 
thin threy.coe tad Beaver then cweaty-e drama, With 
prectaed rubjecs, the some proporuca held for iphter 
waghts:—14 § ounces or 145 drat, for instance, could 
jumt be ditunguihed from 15 ounces or 15 dratme, respeo- 
tively. Smaller erences than these, suid Weber, ne very 
rarely “sensed,” while greater differeoces are too often per- 
tive to be conndered jt moveable fm expeninenth Geos 
corned with judging the length of Innes, Weber discovered 
thet « diferent but comite prac of proportion beld 
food. A ime of wr millers could jun Be Ganngused 
cee of too mulkmeter, whe « line of §2 
Tvdeet f0 be jt cbervaly Tooger han 
fone of $0 § liners 
(On the bane of these scent, Weber formulated. che 
famous genralabon known esbecquialy as Weber's Law. 
1a compancg objec, ke cay, m cea” that we pereeve 
tet the acral difernce bene the two objets, but the 
‘atin of th difecace to the oagnitades of the ewo obj 
ompared. To pon mm acher wos, he chucrvad difference 
berwern two obyects » not sbuolate and completely 1ade- 
pendect of the cbjecs themives, But w reative 10 the 
tue of vbe simu and is (roughly) a conston: fraction of 
tne of them, the sovaled “standard stulan "The comment 
fection runt be dcovered by expenccens, end clad the 
“dfereace lanes,” or DL For weaghts lifted by band, the 
Di wren detrmaed by Weber to be Yho Wo Moy tod for 
lines approximately ep. To iloatrate the meaning of tre 
DL more concretely, 1 thirty ounces cam unt be iti 
rushed from tury-oat (Hy 5 30= 1), then asty ounces 
‘ould be jase duengunbable fom my-awo (Yu 2603), 
and mnecy from einety-chree {Ho x 90: ). In cach cane 
{he fut neuceably Geren atimutoa fe eepsate from the 
seaoderd somafwe by a certain frachonel atioune of the 
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wanderd, and ths fracuoa o¢ DL remains pebsaatally 
fconmant 0 waster what the acrua exe ofthe objects com 
pared. 

Webcrs Law muy be expretsed more conotely and 1a 
beter mathematical form as follows lee R wand for the 
Huandard snonulus! i, that object or thing wth which other 
shjecta or tage are to be compared. Theo if €R x» the 
Increment by which R mont be secreated iv ordec to produee 
a jute aotceable change us the sentanon (S) arouned by R 
‘<for example, yudgroent of yuat barely heavier, of just 
cbvervably longes—Weber’s Law may be summed up io 
the felowing equatica 

ARC (2 consent) 
‘As we have already sees, Weber pet the constant for fted 


woth, Hoe tdhe DL ere ten 


Ualortunately Weber's coaclusice thet the just noueable 
vmereate in a simulue 12 2 constant fraction ofthat stimse 
‘ot as clearcut ax x appear at frm glance. The trouble 
fies im the egprennen “jst noucesbie” This term i¢ really 
ambiguous, ince  ofees necessary 10 specify jurt bow 








= nonceate. ‘Tbe urea pracuce bas been 
that erence which judged corecy 75 per eat 





woul 
of the ume as being aulicently ecoceable But other per 








Senuagen wll serve, the 75 per ents pat Doing chtuen 
imply beaut ler may betwee 50 pe Set comet 
(which denotes uly a chee difercsee, and 200 pet 
Sees ohh dns «rnc eo va 
to be coment ) To dowrate, (4 totam 

ied longer hast waodrd eof to mimes 
"ihm te rman ed “ann ad ely ol 
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aereoty-five tines 19 120 comparieont, thea scoring to 
Weber's Law fitty-ne sailimeters should be called longer 
hap Sly milmerer, 294 ealicter longer dan 200, tod 
‘$10 millimeters Songer tban 500, 75 emt of 100 tele oF 
durdrmeare. At f dese rv, os Koo, Sees 498 5% 
‘re equal, f course, and the D Lm Yo We may now sate 
Weber's Law tore deatiy sad less atsbuguouiy a fallow 
the wmereae in any given stamales which w cicrecly per- 
sexed ia 7§ per ceat (or say dengated per erat) of the 
1 cootane feacuon of be vine f the sma, 
The equacos Sime C was Webs’s fos! statement of 


and comtinste hie chief costsibotcn to the atody 















Sue7) co uke up where Weber eft of end, buiog upow 
‘Weber's Lav, to cect the emncate snd Ingbly complex aac: 
ture called peychopbynes. Fechaes, who beudce being Pro- 
femar of Phyncs at Leypog as alo a phslosopher and vome- 


thing of » mystic, saw on Weber gencralizanon  mesne of 
endying quantitatively the relanos beewees the physical and 
ment worlds Ia hus Elements of Paychophysic, frst pude 
ished in 1860, Fechner deSced peychophy Men 
jece of the fuactozal relation or relations of dependency 
‘between body and und.” The phyatcal wosid for Fechner 
‘was represented by the phyoical stimuli, and the peychical 
world by the senuationa wachon the cxpansim: arogted by thee 














‘made to ateumptions which enabled him to at 
plify and extend Webec's Law. Firs, he attumed thet 4 
sy be thought of ax the sum of 








able diferences (ys.4's) between eentati 
equal and hence are euitable unite for a 
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hacer Acting Weber egutne Baw an tent 
serail coats Pei tas of pci a 
Sales ore aigy pany wana Se ies 
‘Sit Chine Tat wind are by Ny te 
‘Sins aad by we one pa eee 
See as fees eas es ee eet 
Sage cette a roe so, 
pon otenie 


oie 


. Pee 

‘Gaurne Reranaceatine or tae Hater Dever Fecaaans 6 rat 

tows rar Breese Sys incase’ We domes wat 
i 


1a the dageasn we Dexia with tro sums 4 wtndard and 
1 variable comperivmetionlan, exch dangusted by the 
‘Wloe 100 op the Ronzoaual scale. These two stil: my 
bbe thought of at two lighe of boghtame valve 100, oft 
nes each £00 inches long, Ox CRD tones each of a abro- 
ete intensiy deigaated by coo To ceprever thete valves 

pace he rae 1855-859 Pascoe ade 5.278 eight came 
perm tng bod on aaron ed 
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fn the scimslut sale (the Zax, or bonsostal lice), we 
lay of am arbarary datance from aero wo the pow, sated 
100 Then on the vevea! Eee above 100 (Ry) we ley 
a arbucrary distance wo represent the xveagth of the wen- 
tavoe (8) prodced by stezuter 100, Suppou now that 
swe iocrete very slowly the companion serlae 100, and 
hat when tha stemulus reaches the value ri or Ry ie 
judged by the mibyect to be part wobeably greater than 
the ether of sendard tnuloy whch temas, of course, 
st 100 oF R, ‘The seaston vaive 5, (oe the verical ine) 
Cerentino stimula 110 (Rs) wil now eal te sou 
toa 6; (corresponding to stenalvs 100) pl one 7nd. wt, 
fn Fechnes ateupion that the jd. say be take 











just nobecaby greater chon the cst andard, will at 
1. ‘Th poiat should be reached. therecally at zat 
(310-4 "9{6), since x the prenovt tral oor DL was 
found to be Yo (100 + 10%). The semavon 5, core 
sponding to aitouhs 21 (Rd) ie, plus one gad, or S, 
plu two pn's and accordigiy the drtance 5, plan two 
ral ue i tod off above tueules 121 or Ry "The other 
tamal in Figore 24, at 133-1 (Rds 1464 (Ray 161.04 
(2a), have al been ealvited on the tame mannet a4 131 
fd 110; fw cack case one tend of the preceding eimalut 
‘aagoinude has bees added cx tothe smal wee to give 
1 jue notceable merese on the veasaton vale and (0 ne 
ford with Webers Law. The section value (verucal die 
tance) coresponding tothe simutos on the baseline i 0 
very func equ tothe seantion aroused by the pred 
ing miles ploe one 7d. est. 











Weber's and Fechner’s Laws 273 


‘Tre mash, the physical seciey, in Figure 24 are iareat- 
ng in geometrical progresnon a3 we go from 100 te 163.04, 
hie the seneanons, the payebical ners, wre increasing 12 
lantignetic progresnons Whenever we bave two tenet which 
correrpond poamt by poss, the ove mereanng geometrically, 
the other antheneucally, we kaow from suathematice chat 
the relation between dhe two vanables mua be loparithent. 
Hence the acotauon vatees (AP) may be here thought of 
a the logaethes of ther corcespoeding a 

GG P) The loganchne selavonahsp between 
fod an anthmeuc sence may be sunply Uluetrated by the 
‘common logarthevs of 10 and ws caultples. From any table 
of logarihins we Snd that 











On the fefichaad aide the numbers incrense by & conmeant 
meluple (10), while on the nghr-hend srde the logarthie 
increase by & constant increment (1). The first sence 16 8 
geomeine, the uecand an amthmetc, progression Vf we lot 
corresponding seutavons, we have the etsation picured 
Figure 24. Note carelully chat sf che eensation valves 
thould acreaue ve dveet propormon to the wncreave in the 

*A pemcine preraen (GF) sen wh ach tm (ect 
‘he ht) dared nthe pede cue by bat ty coma 
flora cee RH EK Sk XA) Tee 
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cr than by equal mepe we should have the 
‘cbliqee lee represented by the dot, inatead 





covery of the Jogasithaic reatioashep obtaining 
and ther sevssveee enabled Fechner (0 
renuate Webere Law sm mathematical tera an follows 
Senrations are proportioeal to dhe logenthme of theit e+ 
ting stall, of, 12 the form of am equation. 














=ClogR 


wherem Sw the vexsutoa, R the wtimuls, and C 2 con 







Fockners Law. The frat two qoanutey, of course, are 
the thud, C, «fied for a gives series of nusmll, 
oghts, les, or bngbesenscs, but vanien from one 
temne modality 10 another. C's valve depends partly npem 
the eeate modsly, pardy upoe the precsion of meanute- 
‘ment, and partly upon the choice of the vero poust for ven- 
‘oa intennner. 

Fechner's logarichmic law i, to be sure, #2 extenon and 
modification of Weber's Law, but w us also sch more than, 


th Wars aqten, Ew Cae veg whee 


bout sentation sensi, it states umply cha, fox a given 
proportion of correct judgraeats (usually 75 per eent), the 
‘constant, no matter what the absclute 
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o 

‘As an expremon of the geacral lw of the relativity of all 
ndgmente, or the dependence of « change feria value upon 
the magastade of the thing changed, Weber’s Law serves to 
desende quite well many facie of everyday percepts. 
Familiar examples (see also page 266) readily come w 
mind: An sack more perceptible whee added to a man's 
finger than when added co his beaght; 2 room lighted by 











be very quiet; ve pouade added to « baby's wenght 
much grester vacteate than five pounds added 10 

‘weight Sock llunratons a8 these verve to show the general 
souadaets of Weber's pricaple, but there are dirunet bine 
‘none to the lw which eve be recognized in uning 10 
‘ealoate «In the fst place, wisle Weber's Law hold with 
4 fur degree of accuracy an the pereeptuaa of linear magai~ 
tudes (auch a8 Une), ia che perception of weights both by 
pase presure ox the sksa end by active iftng, for in~ 
Tenaty of lights and sewnde, aed for udgment of duration 
and movement, ic does not bold for the perception of pch 
Giferencen A perion ean peveewve the mse abwlste change 
rch equally well whether the vibration rave changed 
from a mandard tet a 200, 400, or Boo vib, per second, Sec- 
contly, Weber's Law boide cul in the muddle range of striae 
1s inizanes, it breaks dowa with very weak or very rong 


te, Bapeed Borel he te TE seme Sly 


constant for the middle range of wtimoh, but mereases 
imurkedly when the smal become very strog or Ye 
weak Probably the experiments whch show this mom 
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leary are thse perlorted by Konig ond Broun in r888- 
EEG. These investigatory usag ight imeewbes varying 
from very fsa to very brahe, found the DL. or gad. to be 
1 constant (racton (017 19.018) of the aroun over a wide 
range of edu baghtncncs. The dereace fimesh were 
oeidersby larger, boweren for very fase ead for very 
intone lights, a8 may be seca from Rooig and Brodhact 
ata, part of which ate sepraivcad se Table XVU below 














at Jeast to adaptavon and various shghe dasrurbances. But 
such factors are wot enficently cflueatl, in a careful ox- 
periment much as thie one, to account for the wae dicrep= 

cy ia DLs throughout the range of intennticn, and we ate 
forced to conclude that Weber's Law does not held gener 





iy. 
‘Does Fechner’s Law face any beter than Weber's as 
uniwereal prsciple? The anawer is not encouraging, In the 
first place, Fechoers Lav, like Weber's, does aot hati for 
pth; and furthermore, Lke Weber's, it olds only for the 
riddle range of somal. In the record place, Fechoet’s ro 
ssumptions have not stood the text of later experiment, 20 
of adverse criueame. Prychologutt ive act been dow ta 
point out thar 2 large sensaua is ez, peychologically at 
Teast, he sum of many elementary senestions, but jak new 
‘eapeniencr, just aa water ws not amply che com of cxygca aud 
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Iydcogen, bot » exeabdlly a new product Moreover, the 
gd ts by a0 seaoe a bred var The jun novceable df= 
{ereace between two lighte ar two fone mica, for 
nance, wil vary from one observer Yo another, and fr the 

rae obverver from bme to ume Theotevall, there 9 

it aoticeable difference” race even very wnat diGerences 
wil cccanoually be recorded, wile large dlerencet wl 
fementes not be pereeved. The hid cbjscioa tothe sai. 
‘venalty of Fechner’ Lam 3 basal span the dcsly of 
fing defescly the pore af taro scntstion. We brow from 
sathemance thatthe logaritha of xu zero Fechoer fitted 
‘hw into hw formula, S=C log R, by aergung the valve 1 
to that suimsloe wach aroaes « jure berdly percepuble 
(Gero) secartion. Bue the eye, the ett, and dhe ska, unfor 
‘unueely, rape become adapted to fart gh, fee sounds, 
and [aint touches; and this adzptatce, plos faugus sight 

and fapece of sucaton, tht and diman, the 
eo pat of sentauon Thes would seem tat Ge var 
Malay aad muabiny herent so the sesory rweptert 
‘hemacives mart met the unweraly of Fechner’ Law, 

Ta pte ofthese theorial bjecuous to Fechoer’s Law 
and the branatgns ia ite cnge of applicabiy, ite only 
Inie to ay that the prioople af lpuntinie relatonahip 
Yerween stioulen changes and cur perceptoes of thee 
changes has bees found exceediealy wef in nary practical 
problews of phyes nod exguecrcg, Several imrasces of 
fuck wie may be ilestated Toe relation of visual acaty 
10 the bryghtocts of the fied bas been tcund to be log- 
atthe IC abyolite sevty (4) ‘Se the mcprocal of the 
smaller vioa! angle for which neighboring contr por= 
tas ofthe feld can be separted;" aod sf Bt Ue bnght- 
se ofthe fel, then A =e + kg B (Woodworth, 1926). 
‘The connants ¢ and Fare dependeot open the unt em- 
ployed, che character of the Sid und the eye ill, Thin 
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uation i siaply Pechne's Law, S= © lg B. Te elds for 
{Be die vange of intesien fa thy Sid of biaphyncy, 
Heke (1929) bes shows Ut ia a extain vancy of dam 
Ge relnion between the seoprcal ofthe clan’ meat tine 
af reagoae (eg, st faction une 1m hight) and the iene 
of wizaulaton 3 logertbi, for 2 copter expovere 
eI we lt Ym tfitant Une, and Joico, ts 
Ah log J, which agus is Feckzert Lan 
Eaptreeats ia audion have shows thatthe rela bee 
tween “loudnen” ay saued by th ear aod the phy weal nen 


















mic, Thus Fleccher (1929) in hie Speech and Hearing (page 






153) gives the equacen o= log /, wher Jovdaess 
ured in “bes” and J ie the phymcal 
qoredn mice A bd ule ten dec Oana wit 

: eat can de 
eet, A decibel or “venation usit™ is chus clearly analogous 
to the Pechsernn jigd, The decal in the emt mont often 
‘wed by telephane engrecer ia this county. 

From there illuatratons it would appear that Fechner 
Law in soil connderably alive, atbough 1 is surely a hime 
ined princple rather hae the Gorrers] law he cocaidered 1 
‘ta be. As far as pepchclogy 8 concerned, the prevent worth 
fof beth Weber's Law and Fecher's Law woold weer to he 
1 the fac that they do rabsume goantatively a lange groop 
of facta withe the enddle range of stimulus intensities. 


w 


‘The imerprettion of Fechner’ Law bas led to touch ds 
culos and many theses. Fechner Mimasit regarded hus 
law, SE log R, as execataly 2 peychopbyrial equation 
‘exyretag the fondamental relationship between the physical 
world and the mewal world. Seraroas, or mental eater, he 
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it, do aot change ax capadly as do their physical 
Inatead they lag more and more beinad w give Gully tha 
logarthrae rclaocehip which we ave ducusted above, 
‘According to Fechaeet view, the fundameatal relatiostip 
between “body” and “mind” ia togarshmse. 

aw paychologuts have agreed woth Fechner inthis tome- 
whut myuieal sterpreation of boa experimental data, A far 
‘more common explanation has bees in phywologeal terms, 
‘The lag between aumulue aod eeotation which Fechner 
noted 11 frequently interpreted x1 a phynologeal lag be 
tween the exciung woroules and the bodily cert aroused by 

Phynolopsts bave found, for inwance, ia working with 
iaved masce groups, that ax the muti increane in 
tensity, the turculae tespoctes also voerease, but by 
auvdly amaller and muller amoona As enalogout relaven 
may well enst between changes sche external inalus sod 

pet in vemne-organ (plus verve and braia) stimulacin. 
Sell ccher explanations of the '4g which appears between, 
stimulos and body responte have beee given in termt of 
1) vartbsiny of reypoese, and (2) relauviey of judgment. 
‘The Stat explananoa, winch was fist euggered by Woods 
worth (194), streses the mcrease in vanabilty of lange 
Daily rexponte over that of « emall one. With the physical 
Incraate io the stisaulne, be says, both the eeavory stimula- 
‘tom and the body respoese involve more and sore sensory 
elecseate and muscle groups. The more of these element in+ 
volved in a given reapoase, the greater the probable over- 
lapping with other responses, and che feet datinet each be- 
comes, Hence lege or sacene stizoaloe must neede be ine 
creased to a greater degree than a eall acd weak one 
carder forthe change to be percerved. Thu is exeabally wl 
cecurs ia Weber's Law aad Fackners Law. The other ex 
planation, that in terms of relativity, was frat advanced by 
‘Wonk, and is « purely prychoiogical interpreta, All 
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judgments, Wood: vays, are governed by the geaccal 
fiple of reluivicy: changer are evtueted always in term 
of the thing which har been chacged, xad derive the im- 
‘porance from oar commce-secte evaluation of thu relation. 
Several sluatravons of the general prncple of relativny 
have been given op page 275. Relabity of judgment serves 
to descnbe what actully happens in a sensible way, but it 
does ct explana sn aay precise fasbioe che mathematical re- 
lanonsbips implied in Weber's and Fechuer’s Laws. 














co) 


Tn previous secucas we beve seen that both Weber's Law 
aad Fechner Law grew out of an flor w generalize and 
quanuly the relsonship eating beewoce semuloe changes 
and thew correspondirg seasory changer In the study of 
the elatioaship, which Fechner called psychophysics, 0 
chef quesnons anse (1) What us the least dflrence that 
can be perceived becwrsen two given sual, ie, what ib the 
DIL, or difcrence threshold? (2) What isthe deest amount 
of a geven eucralas that wll just prodece w exxsaton at all 
(be absalore threshold) ’* It us car, of courts, that we 
must Gist find our thresholds—oar 7d”)—before we ca 
‘generalize o° eatablab # pneciple of relanocahip between 
‘nimoli and senuanocs. Heretofore we have assumed tacitly 
{hat DLs can be found sthout ting excly how hi is 
‘We shall now consider the question of eachsiquey oF 
prychophyncal methods, as they ate called, which grew 
‘out of the attempe vo anewer there wo quettions 
‘The hinory of the prychophyneal methods 
Weber's experimental work oa lifted weights in chap, bot 
ther origin and development is faked xp chiefly with Fech- 
"Tn sexod puttton poms ot of he Sv nd concd parva 
svc th nas athe et ey te ee 
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ers work. Maay later investigator kave introduced modi- 
featons m the paychophyecal mathoda vince Fechoer tie, 
aang whom should be mensoned, a Jum, Moller, Urban, 
Fullenon and Cates, and Jastrow. Though developed pri- 
smenly for the pargose of soudying the peychophyical ea 
ions, chete methods fortuautely have « much wider we 
fulnees x pracueal tecborgoes for the mudy of acaty of 
perception oF eficency of judgment under vanes cond 
ous 
‘There are, in general, three peychophysal mao: the 
method of minal chasze, the method of constan stow, 
sind the muthad of average error. These il be considered 
order. 
12. The Method of Mimmal Change. Thi method was dc- 
‘eloped from the caver method of rust noticeable diferences, 
ands, a its name roples, concerned with decermimng the 
smallest change a givex womolus or between two sums 
‘which ean be just persed at seaasd. Tecan best be made 
lear by a0 dlostazan. Let £ be a sanderd hght meeoany 
{ee for, gh, or nsteen candle poner) which amantes 
the (wo ground glass windows P and Q of a photo 
(See Figure ag) Ie determmcag the jurt notcesble 
Aierence me brightnese or the threskold of seomblny, there 
(2) We bepia mth the tro window P and 

















(is te od trots tale ote onde che bee 
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of Q unt ite judged to be jum peroepsbly _ 
{Cal chin point 4. (3) Next, wate Q snuch brighter thas P, 
wwe decreme the brighteent of Q (Che varable) unc it ib 
Judged to be of equal brphcoene with (or sot perceptibly 
‘ferent from) P. Call tha ecood derermination B. (3) A¥ 








A—Calu tar md In weedy he acaaey of extemnsen of 


aA Placer oes we sc monurng boabtnen dectmnatot, 
CIN we tnd expres ct ht aceon, OF 
te eadee the Howe ene 
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fn (1) above, we beg again wh the wisdom P and Q of 
the name brightness, bot this nae we decreaue Q' brightase 
‘ery slowly watil the cbserver Judges it co be jst les bright 
(darker) a P. This is poiat C (4) Fisally, following (2) 
bore, we beqa with Q much darker than P and inceate ts 
brightens wet the two worms are jodged to be equals Tes 
Ja pone D From the average of cevelovr pointy 4, B,C, 
and D, we can obtam the “general threshold” da, tbe 
ihm yeh jo expt of beng peri 
= 














“Table XVI alstrates the method of einimal change io 
aan experiment somilar to the ane cotned above, Note that 





wom have bocn averaged separately, and that they stow 
rounderable vanatuon the one from the ciber. Tf we age 
the four determnatons, 4, 8, €, and D, che rel, 43 
sven the groera thesbld, the wverage jt abeerable 
ference, othe average DL ‘Th value t a measive of the 
dbicrre’s Keen of ducrinization ender ve given cod’ 
ons. Other mereting companseas aay be mae. By avet~ 





Tent #200 orc adhe Bed Dy meen ome 
Hse ancy pace whee te gs ee 
ty wavs ws ia en he ange fe 
ference toward equalicy. Whee we do this, i is evident thet 
jodgment was more accurate when che difference becween the 
ok lfc sapante as drag tee whe 
was inrearag. The upper thrakol, fe, EP, ie deter 

ct mm thn ngs aw competion nn 
i ingle ane santa aod on tel fe, 
Ca snamined tom tne ting a wich tn om 
palin i darker thn the sana sda om Tile 
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LXVIT that the oppor threshold wap considerably amaller 
‘han the lower ehretheld, and hence pereeptuon of Brighracts 
changes was more accurate under the ft eet of conditions 
than under the second. 


Tage XVI 
Deremumuarion ap sue Just Novicraaen Durregencs 1 
‘Loar Ieranere av rat Micrmce or Mntcae Cance 
‘The aandard was. foo candle power lamp, and tent 
ris ipten ot cho So gee og al he el 

Wesch stage tee sondcd were the rp, wud 0. hl 
a he Ine" (Date adapted wih same changer from tbe 

















hpaal by che woner) pets 
wr oy. vpward, 40, the a 
om steal wrward 1, the comparson 
sede —, 
©) From eqaity domnwerd 1, sompsinun be 
© Ted yt ae 
ond uly wpe, compan 
omen begbiac 39 
Gener ceatais FEEEELD gg 
Avecagesnsresong diferce 44O. ge 
‘Average decreasing dierence 
Upper hese SEB), 





Lame ra EDD 


2 The Matha of Content Stimeil Libs the method of 
sminieal change, whe method wat alsa developed from en 
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cqatliec method, the method of right end rong caves. Toough 
iesmay be employed wih ocker eum, a for example azar 
raveats (baes), ths acthod Sas owt often bees sed 10 
smearure uctudl and lonerheue seastiey through the lite 
sp of woghts, and hence we shall wlotrate wok ied 
weighs data. (See Fare 35.) Seppone that we have elected 
a standard wag of 30 gram, and camparvon weighs of 
8,92, 96, toy, 408, and tra rama The problem w the de> 
‘ermmation of the tmouat by which the toogram standard 
‘mnt be increased or decreated for the change tobe just ob- 
azrvable. Inmead of changing tbe standard by emall ammount, 
however, we compare it over and over agai, Sr woth the 
lnghter and then with the heavier wesghts, notung in each case 
the number of corect judgments. judgmeats may be 
corded at heavier, a6 lighter, or at equal To sllarate, 18 
companng too grams and 108 grams, the judgment “heavier” 
rght be grven fo per ceet of the wins, “equal” 2 per ceny 
and *lghter” 8 pee ceat ofthe tac, sad wock results an thett 
vl be ecured wath each woud prit, 10088, 100-104, 100- 
Hip, and wo os Whes chee are an equal suber of heavier 
vweght it ee 
and che companon weight secoad, che 
Judgment of bearer, ghee, ot equal exprewing the aub= 
Jeet opwon of the relanca between the vacable (oe 
tecond) wight and the suindard (he Sem) woght. That 
weight shove 100 grame_ which ves just 50 per ceat 
heavier” jadgmeawsdevermnes the upper threthol or the 
just percepbly Beamer dGcreoce; while that waght helow 
eo grata which gives just so per cent “oghrer” judgments 
deerovces the lover threabald, or the just preepubly 
lager diereace. Tae average of these two value is the 
feoetal thretheld, or the average dsference imen Tt 
dom that 2 waght dexcoce will be found cxpenmeatally 
vmtoch greet exactly $0 per cent “heavier” of 50 per cent 
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‘Aighter" judgmeets, so hat sterpolanoa is acacly dwnyt 
aecenary. The two so per cem points may be deterouoed 
fury accurately frox giaphs, ad somewhat more preately 
fom formslee for aerpoleven berween percentages set 
ally found. 

‘The procedure forthe rect of comitaztstimuly above 
coutlind the elec, or Sasuca, fore in which the method 
‘wat developed by Fectner, Maller, wad Urbua It an accoe 
tte and prete rcthod when weed wich hybly trae sub- 
jcc, Duc wade thove leas well tanned iti epee to comnder- 
Sle objecuon, because of the alowsoce of equal judgments 
We have 20 way of caatrheg the sumber of judgment 
which a abject wil call “equal” ated beac, of he ie extremely 

scout, a large pare of bu date wall be wo elavied, and 
hence oe Greely weable, 

Tn 1896 Fullerton xad Cattell showed 1 « verioa of exper 
sweats tbat if x eubject wll guess when inclined to eey equi, 
he ut more often nght than wrong, a there w eal preset 
‘some slight basis for a yedgmett, although xt may be too 
sal to be very convisung. Theve mmvevigaore soplied 
the method of coast surah, permitung only too judge 
smante— “heavier” or "lghter." They wade x up « seme, 
to the subjec for thus forcing hi jodgmest by allownng 
him two quahty each judgment by 4 degree of coofidence, 
tyre” tad ware” “a pucin” in the apes form of the 
vwethod of contaat soveuh, that weight Affereoce which 
fives 75 per cant *hesvier” judgments detarmones the uppee 
theesbold whe that govng 75 per cent “Ughter” judgments 
fine the lower cheese Of coutae, the 75 pet cea hreahold 
4a arbitrary, bot iti perhaps, the moat rearonable value, 
tnnce it tet nndwy between $0 per cent (chance) axd 100 
percent (certainty (4ce page 369). The average ofthe upper 
ad lower threshold gives the general chreabold, or average 
DL. This DL, it wil be noted, cannot property be elie 





























‘Weber's sod Fechacr’s Laws 






ceived corecty io 75 per cent of che tm 
nosiceable. Av this i a very quesuaoable ateucption at best 
St ia more accurate o call such 2 DL the 75 pex cent 
‘retold ” 

Cenain data selected from ax expenment ox weightit- 
ang (Garver, 1932) are gen in Table XVIIT to dlusrate 
the micthad of conttant smut 12 ce txropler form. Since 
oo companoes were rade of exch weght-par, © 19096, 
100-112, and v0 of, the percentage of correct judgments are 
aque riably decermroed. Prom the table it een at nce 
thatthe lomer cretbold is eb grams sace the compere 
ton 100492 gave exacly 75 pes cent correc judgmeats Un- 
fortunately the upper thresbold cannot be obtated so read- 
aly. te elear, bowever, that it mutt he Between four and 
ihe grams, wince the weight-pat 100-10 gave 66 per cont 
correct judgments and the pair t0o-10h 85.5 per cent cor 
vet judgments. The value [0x likely 10 give 75 per ceat 
correct would acem by ssmple proportion to lie apprommately 
‘106 geuan, half-way between 104 and 208, That 75 pet 
cent pont can be more accurately determined from tablet 
Prepared for the purpove or by graphical methods. If we put 
the lower thrshald at ee grume and the upper thrtbeld 
cir grams, the geacral Gresbld w the anthuesc mewn 
of thee two valuct of seven grams This indvates that, on 
the average and m many tral, the diGerence betwen 300 
grams pod 167 or 100 grams and 93 should be corre per 
owed 75 pet cent of the tne. In order to verify Weber's 
Law for these data, it would be necessary ‘0 show that for 4 
stasdacd of 200 prams, the 75 per cent threthold is fourteen 
(ams; for a tandaod of soo grams, itis Gicy-five grams; 
tad 10 op. That i the DL in each case exuat be w coxstant 
fraction of the standard woah. 
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Tame XVII 
Duscanamrarsen or Lirree Weramss: Marnoo or Conerax 
‘Seon 
combined recocde for ui cbacrvers, exch of whom 

fearon ech weigh png 38 come 
for eat past aod 100 forall wx weighopa 
Percentage of 
rah rgmieny 















‘The aracont by which the observer mvieves thn standard ip 4 
mentute of hs “eur of cbuervation™ 
‘We raay lluarate thot esezbod withthe Gslton bur, which 
{a often sred in the reeasorement of jun non-perceptible dif 
erences between lineat magntalet The Galtoa bar coo 
1p of fat exazreied wood eboet 












mentured. Two sliding sleeves of metal permit varying die 
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tances 10 be set ofl from the center or o-poiat. The whcle 
‘apprats s« mounted aguien « black background. (Ser Fig 
lure 25.) Now soppose 4 mandard length of twenty cent 
eter to be 4c of on the right-hand half ofthe bar and the 
ject to be inaructed to adjust tbe she on che lef-band 
Ihalf from a moh smaller aetuog then twenty centimeters 
up to appareat eqaalty with thie wandand Twenty trale at 
sbould be made, and the averape amount of error 
(oyerenimation of usderertmaben) calcelated. A acond 
sere of trials chen takes (rom 9 toodarge setting (greater 
than twenty ceatmeters) dows to equality wn che eande 
ard, and the average exror again found. The whole proced- 
lure must be rapested with the standerd set off on the let 
saad the varuble on the right half of che bar The amouat 
‘of vanation or Guctuation me the subject's sctonge, the 
‘amount by which he mutes the standard, wee & mature of 
Inu average ercor, The tcodency of the sobyect repeatedly 0 
overestimate or underestimate the standard i» called Do 
"Table XIX itceares the method of average error with 
data for eighty tnals on the Galton bar, the tandacd length 
being twenty ceatimerett. Note thet one half of the wale 
were ken with the reandard on the sybt and one half with 
the standard on the left to avoed amy “place eran” ach 
a of fory trials 18 equally dined between settings from 
a0 aaa nod too large; viz, coe bal ofthe ume the varuble 
we et shorter sod one half of the time longer than the 
wency-cenuneter wandand. The average of all ghey trials 
19.05 centimetary, whack wrheater a constant error of 95 
‘seatimeter (20—~1905). This 2¢ the amount by wich, oo 
the average, the obterver fll hor of che standard, oc the 
amount by whick he overestimated hye wetonge. ‘The eateat 
‘to which the observes, on che average, missed the standard 
ven by bis average ence of x04 ccetumeter. To caleelatz 
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the AE (everage error), we sum up all of the deviations 
made in the cghty wals from the wenty-ceatimeter stand 
ard and divide by the mupsber of cial, The calculation of 
the AE is not shown ia the table, but can easly be made 
{rom the orginal data. To verify Weber's Law, the AE. 
fouud for « teocentusctes standard sbould be ove ball ak 
lang as the AE foc our tweoty-centoeter standard. 
‘Whea the observer made bie vecings from the 100-4 
poston (average 186), he fll short of the wandard to 
(ester degree than whee he made hw adjustmente from a 
poution (weerage 19 §). Obviovdy im both cases be 
coverenizated his setongs, however, sutce bech averages are 
Jess than the uwenty-cestimeree mandaré, 








Tame XIX 
‘Dasa rom Excare Tasats on vax Gasron Bua, Foary Wire 
‘Sraxom ox vas Lart ang Four wire 
Scanoanp on sae Ricerr 
‘(Adapted by wnter wrk several emall changes) 
Stondord teft—forty trals  Stondard nght—forty trials 
From too small. . 185 7 
Foor too lange. 
Sezer wre 


AS ce 


Arnage (Com, tor erret.. 98 
Tasge vettngs)..- 195 Average etror ss, 1234 








o 


The wvalvation of Feckner’s work in not an cary tak 
Many and various opiaions bare born exprenied regarding 
ft, froen the emtbusiaste commendation of Titcheaer, who 
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ropreded Fechser a¢ the father of mental measurement, 10 
the caste remarks of Willie James’ who wrote: “Feeh- 
ter book asthe earng pot ofa new cepactent of 
tratae, wich t woold be perhaps impownble to each for 
quahnes of thoroughness and subtlety, but of which, in the 
Ihumbleopision ofthe prevent wre, the proper peychclogy 
cal outcome is just uoshing.” As ut ubually the case, the truth 
is somebere berween there Ovo rather extreme views, but 
‘the judgment of time toclioes toward Tuchener’s rather 
than Jane's new. 

Tt mou be remembered-—eo abe the negmive side fit— 
‘thar much of Fechoer’s paychopbysics has not stood the teat 
cof taver revearch His concept of & large sensation at the 
oom of many emaller vensauons, as well wt his rdee that 
{on d’e ace equal allover the sie of satanic, have Both 
‘dean pretty definicaly rejected by present-day psychologast 
ave his paychophysical law, a4 we saw, has been found 
= decdediy limued matead of, at be thought, 4 um- 
Mi gtetuce ft beronleg eronngy eat 
madera paychology is mverented core tn the larger aspeces 
‘of behavior than in the study of eensation 

The 

upon individual dierences has, 20 doubt, bad mech 
to do with ts shift is onertation, whe behavior, wath 
itu emphar upon the wholeness of the organiem’s activitie, 
Ia ployed x not waraparane re, The present dey ps 

ogi interested the peycbophycal methods a4 tools 
to be uted io the erady of problems invoirng the determina 
tion of aezacry acuity, easary ABcency, and the accuracy 
dail prosion of movement. Or he may be fterexad fa the 
otnbility of adaptng these technagoes mcr del 0 probe 
Team of mental meaturemeat. Rarely be wstereted ia 

SPrargls of Peder ()-v Ie 





























292 Great Experiments in Peychology 
‘Websr’s or Pechae?’s principles a such, or io the menuare- 
seat of the eimuluraecsation relzon, To iluetrate coo- 
cet, in 1910 E, L. Thoradthe devised hn Handwriting 

feale theft wale forthe earrenent of ax education 
product, proceaiing on the supposition that equally often 
rotced” differences betweee apecisent of handbweting xtc 
‘equal. According wo the pracple, the diference bot 

andwruog specimens 4 acd 2 is nod by competent 
judges a often aa the dierence between specimens X and Y, 
thea the diferace bewmcen 4 and ect, qual 16 
the difecence between X and ¥. Thoradile's etsumpson, 

















Adapted snd erended the poychopyivca conete 0g the 
Aheorescl side and has angled thew to che problen of 
tcule-mmaking and to the study of artitudes and prefer 

Deaptce the modere trends away fram Fechne?s peycho- 


hyn, cherefore, and the limznons of bi ne reads 
through the sxpersmental workin paychology since Fechues 
time, and since James, too, be cannot help bot be 1 

premed with the very large influence exerted by paycho- 
physica and the peychopbyscal methods Fechoer’s work 
‘was important because st showed coodusively thet problea 
vn paychology can be subjected to guantiatve methods and 
sre amenable to exact mathemavcal treatsient The fer- 
ing sevule of thie point of view Se neck to-day i the 
apid development of ental tests, of educational and 
achievemeat tests and seals, and in the widespread wwe of 
cthode ue the study of human problem. In abort, 
bly not too much to aay chat, bepening mith 
Fechoer, peychology ceased to ba a branch of philosophy 
od begea to be a experimental science 
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Suggested Readings 
1 Aa interening acouneof Fechner and bw work a 
fog iG, aps Haterea Fnveducirs fo Mo 


tgs ps Chairs grace sao BG Bore 
i Ties Rens Prycholoey (0930), 
‘ded discunice of the vacious peychophywot 
nethods, nee C. & Myen's Experimental Pryce 
forge v Reve Eawon, Part Chapcer XV 
»: Alieagineprean the Wiech Law 
pirsepbyec by RS Wondwons i Pochotgea! 
Research of James McKeen Cottl, Brchiven of Pay= 
‘chology (1924), 30. 





Chapter 13 


EXPERIMENTAL STUDIES IN THE VISUAL FER- 
CEPTION OF DISTANCE AND DEPTH 
o 

NY the huey of experimental prychology, po topic has 

exsited mote research sad led to moce diction than 
that of how we percerve or come to know the postions and 
elations of objects wm apace Tee reasons for thit intrest 
ate fanty obvious. Not only do our senae sopremions ob- 
{tine from the exviconment Fie at the basin of all mental 
accwviy, but & addsion there it she enormous pranscal 
importauce of rach data for everyday exineace, The wo 
emacs beat Sted for the perception of objecs wa epace are 
‘ouch and vision, since bod the skin and the ress are 
spread out spavally ia twa domenwane. Of chase two, Vision 
andy the more mporase, Seong and bencing, in Lact, ate 
‘usually called the “hygher™ seaves ta comtran 10 tasting’ aad 
tneling, the “lower” renscn. This diflerentation v due aot 
to moch to the greater complerity of eye aod sar, but to 
the imeenue valve of che sense daca derived from them. A 
ian who loues his neaee of ante or ell handicapped, to 
be sete, but auch a foes ia tox comparable to Jou of aight. 

‘The imovediate steal to visual perception ace light-raye 
rifled from objects open the two retinas (the jouer tar- 
{aces of the eyes) by way of the aperture called the pupil 
gute 26 gives «simple schematic represestauca of bow tha 
fccun. The retma ina alightly concave vurfact i two ditmen- 
sions length and width, and yet, at we all know, our per- 
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ceptions of dinance, depth, and mason ace given in three 
‘Grensions, How, we may aa, ie th pomble? And why 
‘reat the object of our expenencetiouses, tee, and 
[people—apread out belore vs as though praned upon a large 

‘board parallel to our retias? Tha bev Beco # much 
debated quervoa in peychology, and mack of the expert 
imental data on the subject moes back to the reveatchen of 
the great Germar phyncot, Hermann vou Helembolts (361)- 
ly). Beaide elabocace studien in the physclegy of the 
eye and on the physical facte of opticy, Helohottr accumu 








lined many dae of dies poy ner wpe the 
question of apace percepeor. Ie u largely upon mech data 
thae the empirical theory af space perception m based. Thi 
theory elds chat ot knowledge of dicaace and depth it 
secured langely, if not enurely, chrough ibe mutual co” 
‘operation and check-up of ruion, touch, sd locomotion. The 
‘ativintic theory, oo the other baad, explains fecu in three 
imeorions as natively piven and unlearned. Maoy date cx 
bbe marthaied 19 export mach of these theonts. Probably 
mot paychologine to-iay are indined to accept the emp 
cal view with the reservation that there est be a eubetan- 
al (ramework to visse) prceptioa which fe antvey given, 
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® 

"The invention ofthe referung stersomope by Wheststone 
fa 1839 pected » direct experimental actack upon the 

roblem of how we ec objects va three diaveawons. Wheat- 
one’ stercacope wat a tceetGcaly accurate instrument, 
bbue somewhat Cuawy aed impracticable for ordinary work 
For thu rtanon 1 bat been Reoeraly duplaced by the re- 


i 




















¥ ra 


Srascnctnte Sune Daves ve Gon Pansarme or Drazen 


fracung sereoscope invented by Devd Beewicer somewhat 
Inter (evea 1843). Exsentially the wtereotcope st an optcal 
ment by texts of whch twa plane ptuten may De 
resented, tbe one tothe net eyt and the other ¢o th 
fogive a nagle fated prtuce in three dimeasiona This rome 
‘what serong rest follows from the facus thet man it 
‘teo-eyed anita] and that hin eyes are separated spatially, 
0 that whe they ace foceted upan 4 common object, exch 
‘cw ic from a diphty dfferect pexuoe In other word, two 
(pitore are eecured ie Biamvlat von, aod ot fe lngely the 
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fusion of chee two whch giver us eae vnsal pexeepton of 
three daeasoes. Sample merecacopie fess, 16, without 
sccoments, may be ebtained 19 the folowing way. Hold « 
pee abd a penal ersight oot in frat of the face, about 086 
foot away, ead 4 lle to the left of an xoaginary Fine past- 
fg through the nove. Now move the pencl sghdy to the 
right of tbe pen wad bout awa wchox sway {rom the face. 
Clove the sight eye and daw on a ahect of paper the two 
object an they appear wo the left (opec) eye Now done the 
Jelt eye and dzaw the two objects a they appear to tbe ght 
ye, I wil be wffcveat to reprenent the two objete smnply 
by vtmight tte. Your puture aboeld now look Like Figare 
27, 9 wheh the wngle-tuted accow represets the peu aad 
the doubleulted arrow the peacd. Be sure ued separate the 
elteye and ngbteye picrsen by aboot two and a half 
taches in your drameg. Now hold the completed prcare ont 
twelve to eqgheeew wochen i2 from of the face. Focus the 
yea ue though you were iolang at» fardicast point, anal 
Ieeepag ths faation weadiy, move the Sgure in slowly 
uno} the nghthaed and fefeSasd pirures foe, and there 

‘nly ane pea and one pevat. Whee this cccurs, the pea 
vill weer nearer than the pencil simple expfanatien of thn 
sneresing phenomenon Les in the fact that the duetance be 
‘ween the left and ngke peace is greater than the di 
tance between the left alright peo (ths can easy be ver 
fied from your picture). Hence, the ever avec cooverge 
more from the patlle ponbon xo make the pene commbsoe 
‘haa the peach. Tar greater the cuavergence, the nearer 
the abject, and 4o we wee the pen at aeater te ub chan the 
pene It is a common experieace that near objects reqite 
ftexter convergeoce to be brought to » focus Gun far eb- 
1605 an 10 convergence ba direct cut to elaive di 

In Figute 28 the principle upon which the relractog 
stereoneape works fs represented achematcally. The picture 
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cca by the lel ye ie placed at 4, aed the picrane seen by 
‘he righ eve at B Omg toe relraoon ofthe hgh-cays 
by the pram P and P, the wo plstres are combined by 
he one eyen Band &° tad seco an sng fed image 1 
‘The ipresnce of ditacce azd dep got from petuses 


bined stersocopreally ix astonmbingly real In taking p> 
ns fit taken 











eta foie tk ee and 4 fan fr eT 
acl tis Oy ep Fond F pre eo hd 





righiceye pitere; Die it ie wroved aboyt three inches to 
the left 10 take the leave picture. Two end one-half to 
three inches w approximately the intecocular divtance, Bo 
‘ute of thie eeparanon, cach eye, a4 we Dave suid) vont 
Around diferent ads of the objec, the sight oye around 
‘he sight, the left eye around the let, end in thie way cae 
‘to distance and depth ate weured If two pict are ken, 
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scpureted by more than cree wchor—by ome fot, for ex 
‘uple—ateking and ofte Tudou tenuis wil be sbtasaed 
when they are combieed sereorcoprally. Ox aoeb a aide 
we vee objecu at we would vee Uae our epen were w fet 

cing around corners therefore becomes highly et 
ed, sod objeaa and people dre vtched ont 9 aA 
‘mg proportions * 











tow, 
Beemer Hane Store 

‘Ax illustration of the ordarry Brewster sterescope is 
shown 19 Faure 29. The bood server to esclade froma the 
eye nee all of the light which doct oot come directly 
through the prance. The partion between the ewe pre 
fetrets each prctuce to the eye for mich itt 
‘while the extension die permis adjestment for eyes of 
ferent fost feagibs, 

“Tunes Simemuope Sala (Suing, fpr i nec, 
adda sonra nd te stom catae uch men 
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‘The par played by the aghieye and lefc-eye images in 
deurmining ont perceptions of objec ia ties diacunont 
in even taote nnbingly thowe by Use paesdorcope than by 
the teereoncope Ta the peeodoacope, the pictaer belonging 
tw the ngit aad left epee are Uasepored, so that the mEht 
ye aces the let eyes picture and vce verea, The net te- 
atc of thi» coraplete reversal of perspective me the futed 
Dietare, pear things seem far, and far things seem near. Go 
back for « moment to Fagure 27 If thw ade ext verteally 
Jnto two ena) parte and the pare wasaportd, the pene 
ctureh wi now be covet xgecher than the pen pctren, 
Hence, wheo the right and left pitates ace combined more 
couverrence 1 required to combine the pencils than the 
pets, and seconingly the pencl s judged to be nearer. In 
imple ine drawings aod geometncal bgures, pucudoncope 
affect (revernal of pervpective) can vevaly be secured reade 
By enough, eer by traseponng the rgbeye and ieceya 
plccures, of by iavertng the whole she, Weds actos) weeze, 
however, landscapes, objects and people, for example, it ie 
extremely diffe to get peeodoncopc eects when the renut 
vould be meaniagles, or contrary to experience. Few poople, 
for iat, bave eve sera 4 human fue preedorapicaly, 

concave, ax he “cenira” of anocative fact of expeth 
ce ace (oo strong The required revera of fetime babi 

‘ot readily achieve 























a 

‘There are a number of factors upon which oor percep 
tioas of three dimentoes depead bender thu matter of the 
fusion of lef-eye und sighteye picrarm These crcesa may 
‘be divided convenicaty into phymclogical and paychologi- 
al. Under phytiological facta should be jaduded ooo 
‘vergence, accommodation, muecuar strsicon the eye scl, 
snd double images, 
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-t Consergence. 1s Sasifns fact that objec non at 
Innad require greater convergence of che ceo eyes in order 
to face upon them tha objec some iiaace way. These 
seanatioat of stax feraish cues to datance. Converge 
however s no of muck valu carepe we the pereepion of 
sje farly clove a heed Whea the eyes ae focasd On 
objece thiny feet ox more away, the Lnce of night oe 
Dracaly pra, and cavern wo Toger «ea 

2. Accommodation 10 dinssce it elcid by the yt 
‘hroogh changes inthe crynaline lea, The lene a taal 
‘oat prank structure whch las bebiad the pop and be- 
‘wenn it andthe retina, Lightraye cote through the pupil 
are reraced by the len, and focosed spon the reuna. Wh 
2 photographer wants «@ adjer bis camera for daca, 
Teaytheat or dhortee the dtazce betwees the leon en the 
dereea. The eye, on the other hand, adjensto dwtanae bY 
‘ncseniog or decreasing the thckoas (eracuve power) of 

all oF release of the male controling tbe 
lene for dierent degree of encommedaion vp 
tine cvs to dance aod Sepik Bat ws fe cate e- 
ful hue accomodation, Ue facie, like convergeaty it 
lrowed rial to objec cove by. 

" Muselay saa onthe eye wusces Each ee ia moved 
by tik Ide mutes arranged in pairs Whee we compere 
We length of evo lines, oF gauge the width of a dxtch ot 
creek of the height of « bubding the degree of wree 00 
the ye ames it Valuable factor ip determing oor 
jodgetat of ieance 
(Double Images, The doxblieg-of ages fac is of 
sal peychologial interest because tev aldo otic, 
in werylay lie: In fact, Hebbeltz has senarked thatthe 
cence of double images “rensine uoksown 10 m897 
people even fe adsl hfe Their eximence aay rend be 



























goa Great Experiments in Prychology 


shows, bowever, ia the flloming simple way. Focus on # 
‘eine on the opposite wall some tex to fen feet awey, 





ned P* in the plane of aston. Ifyou close 
the left ey the pencil image {eeu now by the right eye) 
ia on the left side; and if yor clove the right cye, the pene 
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yo can readily demooetrate by focwtog upon your pened 
Cmcive inches way) and doubling 2 ctor on the wall 

ri ine of vison. In this cane the doubled mayen ae 
‘ot croned a8 Figure sbown, and ence uncotted ager 











Fe x 
‘Twa Doveune or “Fas” Onjere om News Peano 


‘When he pen te fad ne M, he Pre or ther ye) at F 
bom dnt te Poel Pee tne siom os 








co) 





in apace perception are the so-called prycholopeal factor. 
‘These depend upon learmng sad are the result of everyday, 
econmcte woh near gad far hyena. Amoog auch wfluences 
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wa may meation experpostion, clearcete of outline (atta! 
Derpecive), shade and ebadaws, relative movement, and 
luze of image oo the retne. 

1. Seperposinon. This facor ig of valoe is relative dis. 
‘ance judgments, Wheo # tree, for Scatsoes, partially ob- 
aeructe oof view of 2 boose, the ummoduate inference ip that 





and bloming, datance: Or a very clear day we are often 

toglabed by the apparest nenroese of cnaat obj, 
while individuals accustomed to fog aod a0 obscured shy 
often completely misled by distances ia # bigh alutude 
‘where cai i mort uehsow, 

§ Differences wa iighig, shadows and shade, axe expe- 
dally valuable cues io the percepvon of depth. Soaly 
lng abject the viaal Sed are generally higher tha 
‘thote diealy hghsed, since lhe weually comes from above; 
fyano, on» place surface deprenions ot cancavivet aft 
darker, whe’ prorunoss or correnoer ate begiter Ar 
tits depend tow contierable degree upon lpht and abade to 
reprevene digtunces and dept. Agus, scar objecs vom 
“down” in the foreground, and far objects “up” closer co the 
horizon, and these facts are regulary employed in pictures 
to give the proper perspave 

4 Relauve movement iv dexly an important factor i 
space perception Objects move toeatd ox and way from i 
befoee avd bebiod other sbjeca, end iz the way pve 





























fn a umple way how thus happens. As the abverver movet 
(om pontion 1 to and then to 3, (the aene cbjec) moves 
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from 3 t0 2 to £ in the reverse dureenos, whle F (ihe far 
chject) apparently moves aloag with the cbserver. 
§ Stee of Retinal Image. From Figure 26 it u obviaus 
that at the rame dutance from the eye 9 large object wil 
btend a greater vnual angie then a vnal objet, and that 
the reunal images wll vary proporuonally, Also wt cleat 
thee the farther away a2 objecc it from the eyes, the 
amaller ite retinal images wil be, Retioal mages, then, fur- 
vulusble data an to distance and sine, provided, of 

















‘A share soe fom ¢22-05 yma abet (W) rey Ile 
(ane at Tar ad ares eth oy Name he 
ting in wee eet gmce We Segre hey 
Be Ae ne eres #2 F a mere worme sng 


course the actual diseases of some ofthe physi objec 
own through other meses. The waz» Mock away tat 

‘up 30 more resaal space rm your eye thas the wricbotl on 
your dev, bot the (wo cbjecs ate inerpreed as being at 
{biferent dintancen from, the eyen and noc at being of the 
same sn, Since the retusal mages vary both for ee wed ise 
ina rather dobious coe lems supplemented 
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1 eteence in made agus to Fore 26, ¢ wl be noted 
‘that, wth reference tothe phyucal objec, the Fein! ieage 
2» mverted. Th aversion t de, of court, co the reiracuve 
snechanuem of the lena How is i that we ser ebyec ght 
(de up when thew reusal images are upwide dowa? Tis 
‘question, which bas chen bees Proposed 1 a phlowopical 
‘oust puraiag ony if we fal to appeecate properly th 
crormoss tle of experience and learang ie pereepoon 
What we ae, of course i st the saver ream mage, but 
the ebject a te fel from which ighesaye are rected. 
“The image on the retina Le empl part of the tonal physo- 
logeal process volved in gg the pereptea; we wre no 
‘ore consoous of ie than f the sezsory maple eraverung 
the opt nerve Jt mune be remembered, ton, thatthe ccm] 
sage m spialy covet bah reference toe wetions pars, 
cen though inverta, ap Uae cbjens are peccved 1a thet 
Fight reladone. Upacie aod dowe-aca gb and ich, what 
(Wr tee and how we tet li depend wpoe all of the facors 
‘whch we have mencoed pl bandreie of woxisted teeta 
{ind mascular expencoces and contac, We ate thing, el 
tier, fall over aad walk to her, 2 tia way comng to 
kaow thes. 

‘An eiconiingly interesting experimest cared out by 
Seaton (1897) has a iter. bearing upon tha guescon of 
the reltuon of real ages ve our pereeptons of apace 
Serutonfanteaod before bright eye x 
coares leone. Ths seers, of courte, gave a 
age mich wan nght ede up, aod heece an ioverion of 
‘jcc appeared fo the von ald. The itt eye wn cone 
fred over by 1 hood which exceded Khe, bt alowed (re 
alas movements Over pesiad of debt days (e oul of 
Sphty seven hour), Staton wore thu ecru, ceerviag 
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carctolly meanwhile any changes aed oew errangements in 
the vital field’ To prevent a1 far ax pomnble confer be- 
‘wen the new and the old (normal) peroepoont, at mpht 
when the inetrument wat removed, the epee were carcflly 
dbundaged. Ge the Brot day, as mughe have bees prediced, 
everything was topoy-turvy; chngs oa the ug were reached 
for an the lefe and thimge fysng on the Boor reached for 
toward the ceilag. However, tha cosfunon gradually 
bated, unt by the ead of the third day Linde was let of 
the nervout strain so clearly apparent at fv. By the eighth 
day the confusion is the vumal held had almost extely de 
appeared, things could be reached for in the corext pon 
‘uous, and object appeared normal (rght side up) agus. 
Scrateon notes, however, chat even thee there were alten 
‘eudden uhps oF inversions, which, however, could weeally be 
corrected by reaching for the object of torng toward it 
‘Thu experiment m valuable ve thowsog that the reveal i 
though abvolutehy necentary, of cours, to rion, ix 
‘buc ane eve in the total process whereby we perceve objecu 
sm space It demonstrates, furthermore, bow Mable aze the 
commections between had and eye and how seadily moa 














‘able and adaptable our vaniout sensory experiences are, 
Ordinary everyday experiences demonetrate the axe thing 
So we learn to shave 1 & mirror, although right aad left are 
‘reversed, aad to eperate & sicroveape, although the field fs 
averted. Te repeat, « clear that the reboe amply vee 





ry 


In desenbueg breBy 00 pages sor aad 3045 the various 
facrors which easnbate 1 cur knomlodge of positon 22 
space, we did not deal direaly with the rile of eye move. 
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‘ent in vaual prepton. Ii endl regained, Nowe, 
‘hu must be « valuable factor, for our Knowledge af 

abject and chew structure not ated by a wey fia 
{on upon them, but by wera of short “news a the ayer 
{ht over the object ued it acrrouedinge. Carta studien by 
rythelogint have sbown that eye cavemen lll oto two 
{Bain dames, “jung” movements and “pers” moverents 
Jeop movemens occur when our eyes are moved volun 
iunly over an objet, putvut movement, when the eye are 
cenvtcled, 10 t0 apaak, by the moras cbjects upon which 
they are fasted sod move aloe wk them, 

ooge (1901) bas made probably the mon caret studios 
of angular eye movements of the Jeep type unDg the 
‘method of photography. Esther smveatgstors, for example 
Hcy (1900), bad aempied to regucer ee movements by 
rnechansenl means A nell dac was ited tothe coraea Of 
the subject’ ope and « ne crea fed from thao 3 diate 
swenng pains Whee the efe moved, sy exsurmon wah o> 
bred by the wrieg post oo 2 snaked drum Beedes 
tmany obrioesabjecues to ths procedure at lara che woe 
ject was concerned thae was aso undosbedly some 1s 
soracy and la in the nme by Usk system, The record 
too, tended to blur at the bericcong and end of the move- 
teen, winch made entrereatsun‘ebable. Photography of 
the eye ia maxi eiminater mont of theve fees, With 
Bie abject eat va 2 deri coor, and postion of the head 
kept cman by meata of « head rex Dodge reflected 
‘eam af ight fom the eezen upon a mecring senate pate, 
‘Ax the pts moved downward vertcelly between” 10 
rrooves, the subject was wscocted to move hie eye from» 
feven point wo anccher ia the tame boraoaul ine. Fe 
‘eat pont, showed up as Lnght spots on the ie, inter 
frediae movements 26 white lines, or ereaks. 

"The ine required to sit be focut from poist & to pit 
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B ven measured by phocographung an oncilating epeng pen- 
“ulome along the edge of the moving plate. Taz vibrations 
‘of ths ume marker showed ap as a zener of teethlike indea- 
taveat which could eatly be counted. Sine the pendulum 
rate of vibranon was knows, w wae poanble to meatuce the 
‘ume ratervenrag between the Rantion at 4 and that at 2 





‘AS might be expected, the ume of am angular movemest of 


\ 





the eyes depends largely ypon the extent of the excureicn, 
Dodge found that the tme required for the eyes vo move 
through x0 angle of five degrees ix about 05 second, the time 
for twenty degrecs is sbost 06 second, and the tine for forty 
degrees 4-1 second. Thete renuls are based upon the records 
of thre subjects. The reactica ume of the eye 10 a beam of 
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Ligh cat upon the redaa—ie, the tee intervening beoroes 
the stimulus and the eyes movement—was determined by 
Dodge to be around .165 second. 

"The jerky character ef eye swverents in ordinary vsing 
tax been dearly showa by Scation (1906), who also ex 
played the pbotograpb tetbod. Contrary co everyday opin 
ton, the eye does not move in a amoath ewerp, ualeat the 
‘ovement i of the punuit variety. In wach movement 
previonly noted, the eye emply fellows the moving be 
td w aot coetoll by the cbserves. In looking at an objec. 
‘or « pictur, bowzrer, Station found that the eye mover i 
I eenes of jerks or yaps, eves thaogh the subject think be 
4s mono bis exc srocthly. Like Dodge, Station ato 
placed bs eubject sw dark coom and photographed the eye 
moveneacs by reflecting light from che corses upon a sen- 

fee plate. The way ix wick the oye moves io looking 
astound + cece is howe io Figare 33. The dots reprercat 
pau 
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One of the most cael atudien of eye movements it 
seuding was rade by Dearborn (1905), who alto uted the 
reid of photograph regacravon employed by Dodge and 
Straton. Dearbora fouad that the sumber of hxatone pet 
June for ordinary printed matter vared from four to reven 
for eght subjects. The numberof “siope” 10 
vasiable, dependiag pon the dificly of the mater read 
wall a8 vpon the education and sexta) ably of the 
teader, Dearboro alto found, a6 Erdows and Dodge had 
rarlier repored (658), dat tbe Szation pues of the eye 
in reading consume aboet 95 per cent of the total reading 
‘Sane Thi fact, plus the high spend of cye movement, taker 
clear perception donog eye movement practically imposible 
In ape of tie oor vival woeld, a9 we al Know, is 4 con 











ia fay 
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uruous fue, nd cot 2 patchwork of dear viel aps 
hete and thee, bridged over = beoweea by Mara. There 
ave many reascax wby Soe i tru Ta the fiat place, Our 
‘rval field, when the eyes are at ret, comtmvocs aed un 
broken, There dear vaice, to, of monng objec in por- 
salt movement hough in lllowng ray moving obec 
the backgroued ip Barred. But mace smporant chao thee 
jn the contuoue “hepa” by data git fom the other 
teow Th backgrouad of wforaauoe zed feroed materal 
{a terme of whch cr immediate pereepuons ae “used up” 
tnd made meamegfal is vometnes called out “appercepive 
mass” A fazar exnmple the speed wi which edvcated 
dali read eaty or fezaliar prove The eye weep slong 
aver the page, intang smportct oF “key” words here and. 
there, tbe gupr beg fled ma by the oot of ance = 
fornaves. 





Early n dhe chapter we referred briely to the two theories 
‘of visual space perceptica, the matimane and the empiric. 
[No doubt, moat of the face here prescoted have ssemed 10 
favor the empencal theory, slthougs the physiclogreal factone 
of accommadatian, convergence, and muscular strain weigh 
Aeaniy. No one, of course, can eay defionely jut where the 
Snflacace of native factors leaves off and the infleeace of 
earned factors bepak Here agsie we are faced wich the 
tamne dilemma encountered ia the faaslar comtrovertes of 
inset vertut learung, heredity vermus environment. Ca 
‘unaly learning can do note without the eative equpment 
cof « spatially correct eetizal wzage and the physintopal ino- 
‘tora which farmuh cuen to movemest Nor could the eye 
lone build up vital apace ax we nom it unless aed by 
susociated obuervations from the other senses, Both seu of 
factor are important and eacramary, and we coeld dnpenae 
swith neither. 
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Suggested Readings 
1 The latreated stadt sborld ceanit . 8. Myen's 
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Chapter 34 
FRANZ’$ AND LASHLEY’ EXPERIMENTAL 


STUDIES OF THE ROLE OF THE BRAIN, 
IN LEARNING 


a 

"Ti peioenal wot of Shepherd I. Foun and Rac 

S. Lasley offers ene ofthe best example af the pysi= 
clogral approach to problees of learsiog and habi-form 
tuo. Both of thete ecient are phynoloyists 9 well ae pey- 
chologuta, Frans recewed the doctor's degree in peychology 
from Columbia Unverety 12 x89, and wo 1902 ben 
teres of studies on the rile of the bran in leareng, uting 
cate aod monkeys as espersoencal ebyecta For many year 
he wan peychologist at te Government Hoepit for 
Tesane ix Washington, where be id crch sting work in 
the resdvcation of mdvduals who had euetained brates 
jury Lashley took the Ph.D degree (om the Jobos Hopkion 
Usiveruty in. 1934. He is probably the mort eminent Amier- 
vean worker ia the field of phywolopeal peychology. 

‘The main cack which both Franz and Lashley ot for 
Gemreives io ther investigations was to determine what 
regions of the brain cortex fuccts i apect learned eet, 
and bow much of the brais uve so fencuoon. Thee 




















alt belote and ater destruction of cerusa bra 

penton, or to compere the leaning ef “operated” annals 

swith thar of sormal saimaln For example, a group of rata 

are tniced to thread a mane, the aumber of tnalt wad the 

Tine being recorded; part of the brain sieue are thea re- 
a 
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slveady heen parially denroyed are tained to Be out of & 
and their recarde are compared with thore of necro) 











rau, cat, and moukeys and their eect upon 
ition of both vensory and ractor habit of diferent 
degree of complet have bees ceorded. These expenmentt 
Ihave much aguifeance for hyenas feacniog. Since the human 
bran cannot be expenmented woth, tix only m the event of 
ieare or wounds that brais injury cau be correlated with 
Joan of mental function. In patholopes) conditions like these, 
‘owever, camplicavone antag from Body deme or snjury 
‘must be wenoutly considered, end these influences may be 20 
‘qrensive that 2 define conciusom as 10 the speatc effec 
of the brave injury tse w often bard to seach. ‘This ath 

‘operative work with asitnals, part of 
the brain corer can be sxperimenrily destroyed and the re- 
suleag efects poe learaing behavior divecdy noted. Ia 
many caves the experitenal fadings from the bigher aoi- 
mals, eg the apen ean be camied over almon unaltered to 
‘humae learting, aed even ia the lower speces the problem 
of learning ate fundamentally the ame asia man To a care 
fal review of the literate on cerebral funcuon, Lauhley 
(agap) Sade thet whole there is uedoubnedly greater special 
sation a8 we go vp the evolutionary vale, the problem of 
the reason of brain areas wo learning doce not differ gretly 
fn man from tha ia ocher amecals. A cuarked advantage of 
‘experimentation with aaimale should aleo be noted, samey, 
(dur ic perma us to observe the stle of the brain it be- 
havior much let complex and more eatily controled chan 
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won of the Trontal lober an the retention of sarocatont 





froat and top being covered wath three quarer ach Unt. 
‘The door wat sax inches wide by eight ches high, and 
funged at the botiom vo that it woud fall forward when the 
latch of other mechasium bsldnog ot wae released Three 
bones were uted. Tio could be opened By puting or knock 
hg ngnant a cord atached sa dlferens sey to de door, the 
(ind by prening « button up or dows Thiw thd box in 
ahowa ta Figure 34. 

lus to acuvity was food—mest, $b, oF milk — 
placed jast cutade of the ber Giveo 4 taining pend 
ff about 2 week, » normal aod bungry eat can learn to 
tucapr from 1 box hice these deseibed ta from two t0 wt 
teconds, After the anal had learned the habst to thw hag 
Point of Micency, Frans gave ta anette and operated 
pon the beste, cuting away Boch fromal lobes om the 
teat of the cortex without, however, removing the ervered 
‘parts from the skal After the anczal had recovered from 
fhe anesthe and the shock foloniog operation, hich 
unully ceyared two to three days, st wat eeeated in the 
bor from which 2 nd previously letrned to escape. Te ll 


Ja ma te (etal ney wach Be a ean the fren, ba 
Pee amp Be Sg te acur,vok 
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three cats uted is thie experment the abr of escape, though 
repeatedly cated for, led to texppeat But dye cate il 
smade mmpulsoe for to ecape, also they rerasned old aad 
wuchwed habra, such as purnag when pened, rubbing 
‘ngasatt the expercneatr's lege, avd reapondrog to cull When, 
‘ay ware held belore & cage of aves, normal emotional ro- 





























mu oe 
ants Box Unm xy Puan Lecacne Bereueerm me Cant 


spacuas were exhnbrid, sch 4 mereaved heart-beat, fellow. 
sng the mice rapidly wich the eyes, and atienpte wo jump. 
nly the recently acquared habs of opening the bos seni) 
to be lout. Prazz wan careful noc to exe any animal fa which 
postoperative ufecuon had act 2, and am every ease the 
at wae later lle and ita brain examined to cue aure that 
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be foul had weal bees ct emay from the ro he 





The to of earned repoues lowngenpation ofthe 
{roxtal lobes holds for monkeys ut well ws for eatt, In bis 
expenments web monkeys, Franz used small annals of 
the thetye (thorttal) and the erog-tal variety. To tacks 
were armanged, the ane called the food bor, and the ther the 
hhurdle The problem set by the food bax wes opening the 
‘door of a small food compartment whick wat atached 10 th 
‘cage se which the anweal ved. The door of the food box wat 
held by & button much Ike the door of ehe boa sn Figure 34, 
In dhe hurdle problem the enioul bad to perform several 
tte in order, gomg from one ber to another, crawling 
through 2 hole, aod to forth, before reaciuag the food AN 
‘of the snumals were huagry whes placed m the tent eluations 
so that acuve and vigorous behavior ms ready secured, 
Six monkeys were uted i ths experiment As soon as ey 
‘aad thoroughly learned the babss, parts of their fromal 
Jebes were removed, mh the same’ precautons 24 those 
employed m the cat capeneats When the monkeys were 
tetented after recovery from the operabon, all were found 
to have lost the enck of opening the fond box or of zomg, 
through the more comples scutes of the hurdle. But e118 
the cave of the eats, Rabas of loeg standing, such ax eabng 
faut of the expenmenter’s hand and. jumpiug upos his 
shou reine. The monkeys were dasrbed a orally 
scove aad apparently oral eooticeally, acres 
chattering an before the operaten. 


























‘and habe are dependeat Upon the frontal lobes. Ia the 
Sites the check of the apercooe (ootpes! shack) ght 
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alone be snficent to break up the acw association; som, 
the mece excision of brawn uatve mt any part of the bitin 
(aoe the fromal lobe parucularty) maght explain the loss of 
the habe To sere these sues, Franz performed two co2- 
trol operations. In the cae, 2 eat wat trained at before 00 
‘etcape from 4 box. Alter ube track was learned, abe wat 











the operation, the cat was retested ws the bex and found t9 
ream the habit petiecdy Other repens of thw experi= 
iment checked the revalt Te the second coottal feat, cat 
‘which had been tramed to etcape from two bouts wat oper- 
ated, but this ume a poruon of the parietal lobe # anstead of 
the frome wae cut away from the underlying parta of bens 
tinue, Three days after the opersvon thie anweal got out 
of the box ia a hide over seven seconds, which was about 
‘wee the cine raquired before the operation Sborly after- 
‘ward it ceduced ws excape De tothe former level, showing, 
appareatly, that the anteciatons anvolved in the habits had 
‘not been actually dinturbed Seven weeks late, the nght 
frontal lobe only u ths same ext was exceed, Four days 
afer the operation, though extremely slow, the anuaal wae 
able to do the tnck In another ext which had learned per- 
fecdy hom to get ou of the bor, both parsesal Iobes were 
destroyed. Three days after the operation, ths animal par- 
formed the tack st well ax belors. These contrl expenments 
radiate quite eleaely (1) dhac only when both fromtals ate 
\njored are the recently acquired ansocatioos lor; and (2) 
tht the loss of che habt cannot be explained a2 due either 
to surgeal sheck rerulung {tom the Operaton or to mere 
curing of the Gramm carne, 

Tye punwat bes te ack of the Lota, and man a eo 
ened ceedy wh sry ant sues ete 
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quae recent orga; old and well-ertablabed habra persisted, 
To ce whether this wosld beld true for baghly trained 
cape babies, Prona ia a sc0ed tenet of expenments tained 
four monkeys over 2 much longer penod of te uatl the 
cveape habit was firmly establabed—atmout second eatut, 
40 to apeak. The frontal lobes of thete highly tamed animale 
were then destroyed, and after recovery it wes found that 
the excape habit fenctioned amon, if not quite, a pertecly 
an belore the operator. In asciher venen of expeneents 
smth several cat, the frontala were severed from dhe rest of 
before the amals bad fearned to get ont of ony 
fof the bones. When these acumals were ceased later, x wt 
ound that they could tears the babwts an well at noral 
cats, 

‘These experments are highly interenung 2nd avggesuve 
sance they indicate that one part of the brain rowst take over 
the function of another part viearcuty, or by subsutotion 
Ic teers quie endest from Frags reulte cht, in eat and 
monkeys at least, cocectly formed aseoostions are nocmally 
tamed on by the frontal laber, nee dhe habe are lowe whee 
the fromtals are removed. Buc uf the habits are wel formed 

ily well mechamaed, chey pernst even when pert of 
the frontal are lost, beg carnad on apparently through 
the agency af oxber parts of che Bram. That these other cen 
‘tere may acquire the habst xm the St pace m wdieated by 
‘those expenments ia which cat whoze frontal lobes had bess 
excused before taining veil learand che Imbet These find 
ings are directly opposed to the od idea of spend craters 
in the braun whick control defiate fonctions. Such arent sf 
they actually exis, moet be comdersbly more dite, and 
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they mote slo be more loaely oxganzed, thas was ongy 
sally believed. 

‘Several cases of rexitcin of fuecvoe ken from Fran's 
work wah busase wil be satrecove te th coonseven, 
"These cance are concerned with the eedecaton of patents 
shore brut had been injured by dears of wovnds. An 
phan, fy-uees years old, bad eecendy eulred 4 pat 
Aye sroke® Hua ogi de was pralyod, aod bo language 
‘was jumbled und oftea unstelipble Many ireevaet words 
Were employed and chyecs were ofen named racorect 
‘The atempe wes rade fo retera Ue patent by having hte 
talean (1) the 2arves of ten feitat elon (2) a shor. 
stanza of pote; and (3) the Lord's Prayer Beginning wath 
Aan accuracy score of 44 per eat make sarang colo, 
(ree months in whch the tals varied in suber from day 
(0 day aud were sowetiona catied, tha san inceabed 
securacy acate 10 9 per cent vighe Almowt the tame renulte 
svar obiined is ceatamg mubers An wteresting finding 
here war thatthe noraber § (probably becaame of ite com 
‘mon wie) wer roe oto oted apontenecunly, Te trying 19 
learn poetry—the Set ante of "Toe Vilage Blackemth” 
svat the selezson vaed—the patent read alond the fet one 
(or two lines Se twmss and thea tned to recite, Reprtvon 
‘wes cotinaed ual reproducuon wat pertex, whereupe the 
sett few lines were atrenpted, and 10 on. Ate five daye of 
tock the patient wan sble vo repeat ax licen ofthe eleroon 
tajoently wll co iat sat be was gradually naning 
‘The Lords Penyer,formeriy wel kaows to hi patient, ad 
correctly piven after tweety Sve readuege spaced over thre 
day. A powemoctem cxamzaton of thr ana bras (he 

"etna ous sera etm rerio eee 
(icy tr), te hae dr ahtey to mp tie cee ed oe 

met agi (oer od, Apts is pow, ta 
Ean Semen ser ad te oa, moe om pa 
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fied of paeumoma sbordy after the expermeats dearibed} 
showed omaiderable denrocen wo the lower part of the 
cearas, ie, in the temporal lobes Frant pose oot that the 
slow but steady reeducaton of tbe aun cuggets the por 
siblity of the reenabiukment of old bran consecioas ot 
the opening-up of new ones. This teens reasonable tn the 

wht of the expenmencal work on ancoale which Bar bees 
desenbed 

‘A second case lluatater the powerful simulating elect 
of pontive supgeuon In thi exance the patent wat a9 ex 
solder, 4 young man who had been wreck by « hugh-explo~ 

we abel. The result of his wyenes wae paralyus of face, 
tm, aod leg oa one we, and the conc bad poreated for 
rine months. Thi rane extered the exumsnavan room hob= 
‘ling on a cane At once he was ordered sharply by the es- 

1o put dow bis cave and ake « seat cha sme 
twelve fest away Although be mauted at Gret thet be 
coalda't walk yotbost + cane, pon beme told that the 
‘uaruner war gute sure that he could, be ld dhe cae 
aad avtwardiy, but unswsted, walked to the cba, Here 
the authonty and the prevoge of the exarsner proved to be 
1 suBicently pote sumulus to reste « party Tot fac 
ton Enther the old erve coneccuont conducted vader 
Stpremure” oc other and sew exonecvone aubsttnted for 
then. 

“The eficet of a poweroh incentive or an exotonal stimu 
tus fn amlang a patient “forge Mie dnablites w well Dune 
stave in the case of another parually paralyaed man who 
‘ud walked wuk w cate for zonteea years. Dorig a baasbal 


























‘without pausing to get bus cane, be ram quickly to fst buss, 
beating out the throw. Ie mgndicact that i apite of this 
achievement he then densaded Int cant, saying tbat he 
‘coulda’t walk without it. Te maey eases of thie wor it sem 


gaz Great Experiments in Psychology 
sn already pcced, bat old pashays ie the braia and nervous 
tystem are sul perusly intact, or that others ere able to 
substrate for them. The pauenrs erctude 1 often the coa- 
‘telling actor 19 worrng these connections yto life, If the 
upgetion in strong enough, or uf the patient cam be aut- 
‘erat arosuad co acuvery, may by anger or by fear, recov 
ery of funeuca may llow 











eo 
"The work of Lashley to be reported hers, bhe that of 
Frans, was dieocted toward ducovering the affect of brain: 
{desqruquon upon spect learned acs. Fus experimental ani 
tals were whne ‘att Un axe tenet of expormentt (1920 
and later), © groop of rat were tzauzed io 4 very simple 





frthee of which cam be alumonated by 4 tromaparent screen 
placed at the far end of the bor When the rat takes the 
Lighted side ip adoucted to tbe food compartment through 
acl door; when n wakes the dart nde roceves no fo0d, 
but receives mtcad w shock hroog® an clecne il planed 
cn the oor of the ty The light can be abified fom the 
Joh to the ight alley regularly wo that che anual cance 
form « place association oc habst, About 100 tnals are 1e- 
suid for the rata cafe the habe. aromate alley —+ food. 
‘Trang was continued a che rte of te eal per day ont 
twenty cemnecutive erories tals were obtained. After one 
soup of aounals had learned the habe pereety, various 
femounia of the pouatioe parts of both cerebral hesapheres* 
were desoyed by operaban, and after recovery he rite were 
tented for retention, Another group of anima untrained in 
the brghtnese disctimusaion abit were frst subjected 10 

The soot pute of te tama te alot ts octal ber 
snd wt tere Se lag ofl han 
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cpecstons which invalved difereat thirds of the oc- 
lpia corer. Theve rat were then cesta (0 nee how long 
rewould take then to acquire the bubr. The reuls of there 
teats ace quite convincing. On the one hand, those animals 
bad learned the fabri with uucajured braine we 
found efter the operates to Save lost the babe eatrely, 
But wath pracuce they were all able to reacquwe it, he 
rrumber of tals nesded beng roughly proporuoeal 19 the 
‘exten, ot entry independent of the place of bran detrae- 
woo, The correlation between the percentage of cortex de- 
struction and ecency of leareiog is aboot 45 (Lashley, 
1935) On the ether hand, those rats whoce brain had bees 
anjured before beng tested im the dacrraaioa box learbed 
the babe jot ax quickly a1 dif the uninjured amma. 
‘Thu expenment scams to crabluk ceasly (1) at the 
‘occipital lobes are ordinary active it bopbtaces decom 
tatoo, but (2) that these rapone are oot seesna7y for i, 
fence other pana apparcatly do take over the fescioe 
{3) Ke shows, ton, thet de rightness dixcimzaton abit 
‘mune depead wpaa the acivty of the whole poeienor region 
of the cerebruca rather tha upoe # spodée region, ence 
‘he heb i weakened by the exeat of the iajury, but 
independent of the posst where i accom. 

1a another grovp of trained rats te penta brain areas 
ware destroyed bY operation Upoe beng rected, there 
‘simaly, vite connderably slower thin befor, in go ease 
‘Showed complete ows ofthe brighinew dncomsation habit 
"This clearly supper thac Use ociptal areas were the exis 
ongmally cancerped wo learaeg tis acunty. We have a- 
ready teen, however, that whee pars of the oxptal lobe 
swert destroyed. before tring, the rate were sil able to 
Team the brightness deenmizaton habit as wel as normal 
‘Thin led Lashley t0 propose she Scllowing query: Te 
there any parveslar ares of the brain which takes over 
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the fonctions of the wjured oeopeal parts? To answer 
the question, be Sat dexroyed vancus parts of the oxy 
val lobes ig owelve rae and then crazed them unl they 
had leamed the brakes dacrmioanon babit up to bit 
andard. A second operabon war then performed on the 
tame rath venous regoes of the cemainng pars of the 
corer beog desroyed Pach eperation iajuted abost one 
‘thud of the ail muact cortex, the wejeres anempleg che r= 
‘ining area in suck w way as 10 cover (when all twelve 
‘atc conndered) the extre two bemvapheres In 00 
anal war all of the cortex destroyed, however, as com- 
plete decorucauon bat not at yet bees tcceefully performed 
te the mit, These twnceoperated anvtals were thea teeited 
for tention of the bnabtoes disermmavcn hab, with 
the rerule that none wece found to bave lost! From hse 
lage experiment we are forced to the highly wnportaa cot 
cluuon that afver ocrpstit vyury mo speric area of the 
corte carries ow the brightness cncramzzaion habit viea~ 
fourly; or rateg the sate thing vw different way, that ap- 
pareatiy any part of the concen is able to take orer the 
‘raghtaew dicrieieation babi im the absence ofthe oosip- 
jul areas whose fancoos it soczally Since the eure 
corer wat oot removed ia any uacal used 1m these Cet 
1 m uncertana weber oF noc tome corncal Unive is necer 
tary forthe tetstion of the beghtsess dacrminaion babe 
emmy be, of course, hat sebcorbeal ceaters can aubsttute 
in the absence of the whole cortex 
‘These rents which bave been quoced from Lashley’s 
rk are quite securely extableted. More than 350 rats 
vw all were wed wa these experiment, and there were ale 
(quate otros, ao that the renulte causct be attributed to 
rurgeal hock of so actual blndseas ia the atimalt. Poet- 
morem examizations wo weniy the estent of the leone wet 
aso made 
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Io another series of experienets, Lasley (1920 avd later) 
nuded the eflecs of brata injury epon te learang aod re- 
eatin ofa eater hart. Asineale were ft trained to secure 

















fe 
eet Pa x Uf Peer Lato ort Wa 
Me tae dm rm pn es 4 ad om mcm 
ie Web iaSy! oy 

{ood in the problem bor shown Ia Figure 55. In this box, 
led the double pation on, ie  aatouary for the 

1 deprem platforms a tnd 5 in the fasd order 
(=+6 in ordct to open the don, d, which cade to the food 
comparinent. Thete platforme ate aboot ‘oor by tro 
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snchee and are rived one ich from the foots fay aight 


presure 
requires 


fd Lashley (19:7) Tm the vacned pisba box, th animal 

1 chind agen the food cempartment (a seall box 
plhced wi the cage) and deprew ove val’ platform ia 
Brder to open the door ofthe food ben To the double pt 
form boss me sotad, two platoons extend of one Bad to 
be deprewed 

"Noeeen fats were tepned ia the doutle pinion box 
shec about ae turd, on the average (ig § per ent), 
(of the ecrebeal comer bad been dencoyed by operatic 
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‘anarkable outcome may be per explaeed a4 2 souk of 
the somewhat leer datracullicy of the apernted rate wich 

 conmgaent lemenag of ter random ecovny. That 
Irndestrucven way eccally favor gusck lermag. La 
Jey bas found, fr mazes dan operated rats aligity pat 
Iyued and wuch motor daturbaaces rauirad about 30 pet 
cnt lene tale thu other opeated rats which showed 0 
tmotor delec Amveals wh Beas sajonee samp over the 
plsforma lew often thas normal ras, more often bumping 
to and evencally depeeang them. The tak of opeainy 
dor of the food cxpartment seems then actually ta 
ave been cance for che anjured rat, thoagh its bard 
ivaatage can carly explnn the wide dier= 






















acter. Lashley wotes x regard to 
various lines of evidence point to the coed 
levant facie at leat did not change 1 real wnferirity 
cf the operated saimale into wa apperest supenonty; that 
the oormal and opertted groups are more probably equxl 
fn learning abil.” 

An later mpenments (1921), rat frat trained in the 
double platiorm habie were later subjected to operations 
‘which deatcoyed various pert of thei frontal and ceepital 
bran areas, The babi, thoegh toch dovturbed, wax oot 
totally foe at a result of such deatrucion. Thin suggests 
at noraaly the frontal lbes are acuve io the formation 
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LLasbley (1929) ban receatly ctecked and extended many 
cof hia rerulte on Jearsing and reiecton i animals. Teatt 
of the fearmag abiity and reveaton of both motor and 
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acstory babies were made with four mazes of diferent pet 
terms andthe brightness dscrizinatioa bor prevouly de- 
scribed oo page 323. The experimental groap was made up 
of fey animals all of which were wubjected to brain ope 
Hous involving from 194 to 8t per exat ofthe tetal worface 
acea of the carebrom. A few of the sigtibcant findings io 
thete careful und exteouve expermente rary be wummorrted 
briny. Ts subrantiavoe of bis earlier work Laskley found 
(2) that the cxpuenty to fore motor babita (eg, 0 Hears 
eases) ip reduced by broa-ertruction, the reduction be- 
{ng independent of the place ofthe injury bux roughly pro- 
portional tothe amount of destrucuaa. (3) The more coat 
plex the problem set, the greater the eect upon Tearing 
produced by any given Sajury. (5) Simple sensory habit, 
ch up that of Drghiness dncrmisauon, are aot greatly 
sfeced by cercbeal isons eves when the whole vemory 
area ip involved, owing probably to the comparative sim- 
palty of the bab iret. (4) Reteation of simple motor 
Sabas (learmog wanes) aftr fory days ie wymitcanty 
impale by cer inon, he degree of impurmen de 


Teaming ability ofthe ijured ra 
‘Pechape the most far-reaching rel for hucan poyhel- 
ogy of woh experinenal studies ax these of Frank and 
ata i the very define Reding that leacming and reten- 
‘ton of uensoey and motor babs caxsot be explained in 
term of fixed nervou pathways, dette b 
cw epee synaptic cooaectioes. Complea 
most depend upon such more erteasve brain patterns 
‘than wan formerly thought probable. This may explain 
vwhy a vagle operat doe ox greatly datub u pve 
term, but the moce extensive he inary the greater ie the 
Thalibood of some diaturbesce Te may appear at hough 
swe are feturnig to aa hice and lem tuuptc view to My 
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that the bran functions as « whole ic earning, but certnaly 
thus ricw is uot us imprebeble now asst once appeared 10 
bbe Locezatin of cerebral areas ax the sensory, the mot, 
the visual, and 19 on i, of course, well established. But wuch 
areas mutt be modiSed ta allow for wide Seribihcy and ex- 
fended to permit of much fencvora! eubssesuon of one 
pare for another. The clincal evidence, a well at the ex 
perimental evidence, indicates that Oe wdeapread subse 
{don of brain function in dhe case of rats, eats, and suonkeyt 
olde aso to « high degree for man. 








in wehavioe 
oF “eit Sad Lathes owe 
‘Facet experimental work ia Brave Afschewems and fe 
tatigence (1939) extremely watereusng. 
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